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ABSTRACT 


Thirty-three  freshman  women  students,  enrolled  in  the  required 
physical  education  classes  at  the  University  of  Alberta,  were  tested  on 
weight;  girth  of  the  waist,  hips,  right  thigh  and  right  forearm;  skinfold 
thickness  of  the  abdomen,  right  rear  thigh  and  right  forearm;  right  quadriceps 
strength;  right  grip  strength;  and  muscular  endurance  of  the  abdominal  muscles 
as  measured  by  the  number  of  sit-ups  performed  in  two  minutes. 

The  subjects  acted  as  their  own  controls.  For  the  six  week  control 
period,  they  were  excused  from  participation  in  physical  education  classes. 

They  were  tested  again  at  the  end  of  this  period.  For  the  following  six  weeks 
of  the  experimental  period,  the  subjects  performed  two  different  isometric 
exercises  daily.  Six  six- second  contractions  of  the  muscles  of  the  abdominal, 
gluteal  and  thigh  regions  were  held  maximally,  with  the  subjects  in  an  erect 
standing  position.  Each  six- second  contraction  was  alternated  by  two  seconds 
of  rest.  One  six- second  contraction  of  the  muscles  of  the  right  hand  and 
forearm  was  held  maximally,  with  the  right  hand  supinated  and  clenched  and 
the  right  elbow  flexed  at  a  ninety  degree  angle  and  held  against  the  side  of 
the  body.  At  the  end  of  the  six  week  training  period,  the  subjects  were 
again  tested  on  all  eleven  variables. 

The  data  from  all  three  trials  were  subjected  to  analysis  of  variance. 
If  the  resulting  F  ratio  for  trial  differences  was  found  to  be  non- significant, 
the  null  hypothesis  was  not  rejected.  If  the  F  ratio  for  trial  differences 
was  statistically  significant,  the  null  hypothesis  was  rejected  and  Duncan^s 
New  Multiple  Range  Test  was  employed  to  determine  between  which  means  the 
statistically  significant  mean  difference  lay. 

Upon  analysis  of  variance,  it  was  found  that  no  statistically  sig¬ 
nificant  mean  changes  had  occurred  in  the  measurements  of  weight;  waist,  hip 
and  right  forearm  girth;  rear  thigh  and  forearm  skinfolds;  or  right  quadriceps 
strength. 


Following  analysis  of  variance  and  Duncan9 s  New  Multiple  Range  Test, 
it  was  found  that  there  had  been  a  mean  increase  in  right  thigh  girth  during 
the  control  period  of  0.36  inches  (statistically  significant  at  the  .01  level 
of  confidence).  Over  the  entire  twelve  weeks  of  the  experiment,  mean  abdominal 
skinfold  increased  0.99  millimetres  (statistically  significant  at  the  ,05 
level  of  confidence). 

During  the  six  week  period  of  isometric  training,  mean  right  grip 
strength  increased  1.89  pounds,  a  change  which  was  statistically  significant 
at  the  ,05  level  of  confidence.  Following  this  period,  it  was  found  that  the 
mean  number  of  sit-ups  performed  had  increased  3»3s>  indicating  an  improvement 
in  abdominal  muscular  endurance  that  was  statistically  significant  at  the  .01 
level  of  confidence. 
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CHAPTER  I 


STATEMENT  OF  THE  PROBLEM 

For  reasons  other  than  aesthetic,  it  is  important  to  discover 
effective  methods  of  strengthening  the  weak  muscles  of  the  abdomen,  thighs 
and  gluteal  region,  in  women0  Weak  abdominal  muscles  allow  the  pelvis  to 
sag,  and  lordosis  and  low  back  pain  may  result  (l)e  There  is  also  evidence 
that  strong  leg,  back  and  abdominal  muscles  will  be  helpful  during  child¬ 
birth  (2)o 

Weakness  of  the  muscles  in  this  area  may  result  from  sedentary 
habits  and  occupations,  lack  of  regular  exercise,  or  failure  to  regain 
strength  following  pregnancy  and  childbirtho  It  has  also  been  observed 
that,  as  the  body  ages,  the  gluteal  muscles  lose  the  firmness  of  youth  (3)0 

The  standard  exercise  of  leg-raising,  often  suggested  for  flat¬ 
tening  and  firming  this  area,  involves  mainly  the  hip  flexor  muscles,  such 
as  the  iliopsoas,  rather  than  the  abdominal  muscles,  and,  therefore,  is  not 
effectiveo  It  has  been  shown  eleetromyographically  that  the  sit-up  exercise 
and  its  variations  such  as  the  curl  and  V-sit,  involve  most  effectively  all 
abdominal  muscles  (4,  5)° 

Recently,  Hettinger  and  Muller  (6)  have  shown  that  a  single  daily 
isometric  contraction  at  two-thirds  the  maximum  contractile  capacity  of  the 
muscle,  held  for  six  seconds,  is  as  effective  in  developing  the  strength  of 
a  particular  muscle  as  any  other  form  of  exercise.,  In  1955,  Steinhaus  (7) 
suggested  that  a  six-second  contraction  of  the  abdominal  muscles,  held  for 
a  total  of  thirty-six  seconds  daily,  will  strengthen  weak  muscles  of  the 
abdominal  wall,  and  thus  aid  in  the  development  of  good  postureo  Fox  (8), 
however,  had  given  evidence  that  faulty  pelvic  tilt  and  "sway  back"  were 
not  associated  with  weakness  in  the  abdominal  musculatures 
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Day  (9)  has  shown  that  daily  practice  of  the  exercise  suggested  by 

Steinhaus  caused  a  significant  reduction  of  waistline  girth  in  college  women, 
while  no  concomitant  weight  loss  occurred.  Although  hip  girth  was  not  meas¬ 
ured,  it  was  felt  that  this  measurement  had  decreased  as  well,  and  Day  sug¬ 
gested  that  further  study  be  undertaken  in.. this  regard. 

Morehouse  observed  that  the  entire  body  is  involved  in  the  effort 
when  a  single  voluntary  brief  maximal  contraction  is  exerted  against  an 
isometric  resistance,  and  states  (10):  "...  palpation  and  electromyographic 
exploration  of  the  activity  of  the  readily  accessible  muscles  during  the 
effort  confirm  the  visual  observation  that  there  is  a  general  increase  in 
the  tone  of  most  of  the  skeletal  muscles  in  the  entire  body.”  Hellebrandt 
and  Houtz  (11)  also  have  noted  involuntary  changes  in  body  alignment  ac¬ 
companying  muscular  effort,  indicating  activity  in  muscles  other  than  those 
being  exercised  specifically.  It  would  appear,  then,  that  isometric  con¬ 
traction  of  the  abdominal  and  gluteal  muscles  would  also  cause  contraction 
of  the  thigh  and  other  muscles,  and,  possibly,  bring  about  an  increase  in 
strength. 

In  accordance  with  the  findings  of  Hettinger  and  Muller  (6),  other 
researchers  (12,  13,  14,  15,  16,  17,  IB,  19)  have  also  achieved  significant 
strength  increases  with  male  subjects  following  isometric  training. 

However,  Mayberry  (20),  Wickstrom  (21),  Petersen  (22),  and  Hayman 
and  Schneider  (23)  have  found  no  strength  increases  following  isometric 
training.  Berger  (24)  found  that  an  improvement  in  static  strength,  fol¬ 
lowing  static  training,  did  not  result  in  a  corresponding  increase  in  dyn¬ 
amic  strength. 

Although  it  had  previously  been  assumed  (25)  that  isometric  train¬ 
ing  would  have  no  effect  in  increasing  muscular  endurance,  Swegan  (26)  found 
that  static  contractions,  of  two-thirds  maximum  strength  performed  six  seconds 
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daily  for  ten  weeks,  were  as  effective  in  developing  muscular  endurance  as  a 
weight  training  programme  of  the  progressive  resistance  type,.  Dennison, Howell 
and  Morford  (27)  have  shown  that  the  Arm  Strength  Index  (I  *  [  Chins  +>  DipsJ 

[Weight/10  -  Height  -  6oJ  )  of  college  men  increased  significantly  after  eight 
weeks  of  twice  weekly  isometric  training.  Meadows  (28)  found  that  ten  weeks 
of  isometric  training  had  increased  muscular  endurance,  as  measured  by  the 
ability  to  perform  repeated  chins  and  dips.  Liberson  (29)  found  isometric 
training  to  be  more  effective  than  isotonic  training  in  increasing  muscular 
endurance,  while  Asa  (30)  found  repetitive  isometric  training  to  be  more  ef¬ 
fective  than  isotonic  training,  and  single  isometric  training  to  be  as  equally 
effective  as  isotonic  training.  Walters,  Stewart  and  LeClaire  (31) ,  and 
Howell,  Kimoto  and  Morford  (32),  found  no  significant  difference  between  the 
increases  in  muscular  endurance  brought  about  by  isometric  and  isotonic  train¬ 
ing.  Howell  and  Shaw  (33)  also  found  significant  increases  in  muscular  endur¬ 
ance  following  a  training  programme  consisting  of  eight  daily  contractions 
against  an  immovable  bar. 

On  the  basis  of  these  studies,  there  is  evidence  that  isometric 
training  has  been  effective  in  developing  muscular  strength  and  muscular 
endurance  in  male  subjects.  However,  no  similar  evidence  exists  with  regard 
to  strength  and  muscular  endurance  increases  in  female  subjects.  Hettinger 
(34)  mentions  that  trainability  has  been  found  to  be  less  in  women.  Petersen 
(22)  found  that,  while  twenty-three  adult  male  subjects  made  significant  in¬ 
creases  in  strength  following  ten  daily  maximal  isometric  contractions  on 
thirty- six  occasions,  the  twenty-four  adult  female  subjects  showed  no  signif¬ 
icant  increases.  Day’s  findings  (9)  indicate  that  isometric  contractions 
have  resulted  in  girth  decreases  in  college  women. 
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Therefore,  the  main  purposes  of  this  study  are: 

1)  to  determine  if  daily  isometric  contractions  of  the  abdominal, 
gluteal  and  thigh  muscles,  and  of  the  right  forearm  flexors,  would  cause 
any  change  in  the  girth  of  the  waists,  hips,  thighs  or  forearms  of  college 
women o 

2)  to  determine  if  daily  isometric  contractions  of  the  abdominal 
muscles  would  bring  about  a  change  in  the  muscular  endurance  of  these 
muscles o 

3)  to  determine  if  daily  isometric  contractions  of  the  thighs  and 

of  the  forearm,  would  cause  any  change  in  the  strength  of  quadriceps  extension, 
or  in  grip  strength,  respectivelyo 

Limitations  of  the  Study.. 

lo  The  subjects  were  thirty-three  freshman  women  at  the  University 
of  Alberta,  enrolled  in  required  Physical  Education  228  classeso 

2.  The  experimental  period  was  of  six  weeks  duration* 

3o  Development  of  muscular  strength  and  endurance  in  the  muscles 
of  the  abdomen,  thighs  and  gluteal  region,  resulting  from  isometric  training, 
was  studied  in  connection  with  isometric  contractions  of  these  muscles  with 
the  subject  standing  erect* 

4°  Isometric  contraction  of  the  muscles  of  the  abdomen,  thighs  and 
gluteal  region,  was  held  maximally  for  six  seconds  six  times  daily. 

5.  Development  of  muscular  strength  of  the  forearm  flexors  as  a 
result  of  isometric  training  was  studied  in  connection  with  an  isometric 
contraction  of  the  flexors  of  the  right  forearm  with  the  elbow  flexed  at 
right  angles  and  the  hand  supinatedo 

6.  Isometric  contraction  of  the  right  forearm  flexors  was  held 
maximally  for  six  seconds  daily. 
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Definition  of  Terms. 

Muscular  strength  refers  to  the  capacity  of  the  muscle  to 
exert  a  single  explosive  force  against  a  resistance • 

Muscular  endurance  refers  to  the  ability  of  the  muscle  to 
maintain  repeated  contractions.  It  depends  to  a  large  extent  on  strength, 
but  also  on  the  viscosity  of  the  muscle  tissue  as  well  as  the  efficiency 
of  the  blood  supply  to  the  muscle  (35 )• 

Isometric  tension  is  developed  when  force  is  exerted  by  the 
muscle  against  an  object  which  it  cannot  move.  The  muscle  remains  at 
virtually  the  same  length,  but  technically,  accomplishes  no  work.  The 
energy  which  normally  would  be  displayed  as  mechanical  work, is  dissipated 
as  heat  (36:79)° 

An  Isotonic  contraction  is  performed  when  a  muscle  is  able 
to  move  a  load  and  mechanical  work  is  accomplished  (36^79 ).  The  muscle 
fibres,  in  this  case,  shorten  and  lengthen. 
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CHAPTER  II 


REVIEW  OF  THE  LITERATURE 

Development  of  Strength*  Recent  evidence  indicates  that  strength 
increases  result  from  the  effect  of  training  on  a  reduction  in  the  inhibitory 
effect  of  the  extra-pyramidal  system  of  anterior  horn  cell  discharges  which 
produce  contractions  (l)* 

In  1895*  Roux  (2)  expressed  the  observation  that  an  increase  in 
muscle  mass  is  achieved  only  by  increasing  the  work  effort  beyond  that  of 
normal  daily  activity,  and  that  this  result  cannot  be  attained  merely  by  re¬ 
peating  the  normal  effort  for  longer  periods  of  time*  In  1925,  Petow  and 
Siebert  (3)  stated  that  strength  development  results  from  increased  intensity 
of  work  above  that  previously  demanded  of  the  muscle*  McCloy  stated  (4*69)s 
"To  improve  one’s  strength  or  endurance  the  periodic  demand  on  the  organism 
must  be  made  progressively  greater,  and  must  always  be  greater  than  the 
current  regular  demand*” 

This  principle  of  ’overload1  must  also  be  observed  using  isometric 
techniques*  Hettinger  states  (5;24);  ”  .  *  .  training  with  isometric  muscle 
contractions  has  to  be  a  progressive  resistance  exercise.”  Also,  "After  the 
tain  in  muscular  strength  the  original  .  *  .  contraction  would  no  longer  re¬ 
present  sufficient  stimulus  to  maintain  the  training  effect."  (5s26)* 

Development  and  Maintenance  of  Strength  through  Isometric  Exercise* 

In  1953,  Hettinger  and  Muller  (6)  published  the  results  of  their  experiments 
on  static  contractions*  Over  an  eighteen  month  period,  nine  male  subjects 
participated  in  seventy-one  experiments,  in  which  training  took  the  form  of 
pulling  and  holding  a  pre-determined  amount  of  tension  against  a  spring  scale, 
by  contracting  the  flexors  and  extensors  of  the  forearm.  Some  of  their  orig¬ 
inal  findings  were  as  follows; 
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1)  The  threshold  of  muscular  tension  necessary  to  get  a  training 
effect  lies  between  3/10  and  4/10  of  the  maximum  strengtho 

2)  With  a  training  load  of  2/3  maximum  strength ,  muscle  strength 
increases  at  a  rate  of  5  percent  weekly  <>  An  increase  in  training 
load  has  no  further  effect « 

3)  A  daily  practice  period  in  which  tension  is  held  for  six  seconds 
is  as  effective  as  longer  or  more  frequent  practice  sessions 0 

4)  If  training  is  discontinued,  strength  gained  at  a  rate  of  5 
percent  per  week  is  lost  at  approximately  the  same  rate* 

5)  A  muscle  trained  to  be  50  percent  stronger  wo.<>  may  be  main¬ 
tained  at  this  level  by  two,  probably  only  one,  maximal  con¬ 
traction  efforts  per  weeko"  (7)o 

6)  ”When  a  muscle  that  has  been  trained  to  50$  greater  strength 
was  maintained  at  this  level  for  12  weeks  by  one  maximal  con¬ 
traction  per  week  and  then  given  no  further  training  nor  testing, 
the  results  were  astonishing 0  In  the  first  12  weeks  of  no 
special  activity,  strength  was  almost  completely  maintained  at 
the  high  level  and  in  the  next  following  28  weeks,  in  Professor 
Muller ^  s  own  words,  0  strength  was  still  far  from  having  returned 
to  the  level  from  which  it  started  at  the  beginning  of  the 
experiment  0  9  "  (  7 )  ° 

Steinhaus  (7)  explained  this  phenomenon  in  this  ways  "ooo  rapid 
training  induces  only  a  loosely  "anchored”  adjustment  ©f  the  muscle  to  the 
increased  demands  made  on  it0  If,  however,  this  increased  strength  is  main¬ 
tained  for  a  time  it  becomes  fixated  or  anchored  in  the  muscle Q" 

More  recently,  Hettinger  stated  (5s24) :  "The  maximum  observable 
training  effect  of  about  3~4  %  per  week  was  binding  in  these  cases  for  the 
muscle  biceps  brachii  including  muscle  coracobrachialis,  the  elbow  flexors<>" 
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He  also  stated: 

This  absolute  figure  changes  from  muscle  group  to  muscle  group,  but  the 
trend  of  the  curve  does  not  change  in  different  muscle  groups. 

It  was  interesting  to  find  that  the  maximum  training  effect  pos¬ 
sible  was  achieved  by  using  only  40  to  5 0 %  of  the  maximum  strength  in 
voluntary  isometric  contraction  (5°25)» 

When  daily  isometric  contractions  are  reduced  in  their  intensity  to  be¬ 
low  20%  of  the  maximum, progressive  loss  in  strength  is  observed  (5s 26), 


From  these  experiments,  the  conclusion  can  be  drawn  that  it  is  unneces¬ 
sary  to  require  maximum  contractions  in  order  to  improve  muscle  strength, 
since  only  1+0-50%  of  a  maximum  isometric  voluntary  contraction  produces 
the  maximum  training  effect  obtainable.  But  -  and  this  is  the  important 
point  -  the  intensity  of  the  training  stimulus  must  be  increased  at 
least  every  fourteen  days  as  the  maximum  muscle  strength  itself  increases 
during  this  time  between  the  two  measurements  (5s 26). 

Maintaining  a  maximum  isometric  Contraction  for  only  one  to  two  seconds 
is  sufficient  to  provide  a  training  stimulus.  When  the  contraction  in¬ 
volves  only  2/3  of  the  maximum  strength,  it  should  be  maintained  four  to 
six  seconds,  and  so  on.  On  the  other  hand,  muscle  contractions  of  very 
short  duration  .  .  .  have  no  effect  .  *  ®  (5s 28). 

aeoeeoeeeoooooeaaoooaeeooftoooooooeoo 

It  was  found  that  the  maximum  increase  in  muscle  strength  was  obtained 
with  one  training  stimulus  per  day  (5s29)e 

0e0060069000006090090066090000009000 

Also,  several  maximum  contractions  one  after  the  other  .  .  ,  did  not 
increase  strength  any  faster  than  only  one  contraction  (5s  30) o 

It  may  be  seen,  from  these  excerpts  from  Hettinger’s  writings,  that  some 
statements  differ  from  those  originally  made  by  Hettinger  and  Muller  (6), 
Hettinger  (5:31“32)  concluded  tT  ,  »  »  in  practical  application  the  maximum 
improvement  in  the  strength  of  the  muscle  group  being  trained  can  be  obtained 
by  giving  daily  one  maximum  voluntary  isometric  contraction  against  a  resis¬ 
tance  for  one  or  two  seconds.”  He  also  noted  that  the  muscles  of  women  appear 

/ 

to  be  less  responsive  to  training  than  those  of  men  (5*44)?  and  that  it 
Tt  .  .  .  seems  that  the  male  sex-hormones  are  an  important  factor  in  develop¬ 
ment  and  in  performance  capacity  including  muscle  strength  ...”  (5s 52) • 
Although  the  findings  of  Hettinger  and  Muller  have  not  been  exactly 
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duplicated,  many  statistically  significant  findings  have  resulted  from  exper¬ 
imentation  with  isometric  training  programmes . 

Taylor  (8)  compared  the  effectiveness  of  four  isometric  training 
programs  in  developing  strength  in  dorsal  flexion  of  the  right  wrist,  and  out¬ 
ward  rotation  of  the  right  thigh.  For  both  muscle  groups.  Group  I  held  a  max¬ 
imum  pull  for  12  seconds ;  Group  II  held  a  maximum  pull  for  6  seconds;  Group 
III  held  a  2/3  maximum  pull  for  12  seconds;  and  Group  IV  held  a  2/3  maximum 
pull  for  6  seconds.  No  statistically  significant  differences  were  found  in 
the  four  methods  for  producing  strength,  except  that  a  2/3  maximum  contraction 
held  for  6  seconds  was  significantly  better  at  the  5  percent  level  of  con- 
fidence,  than  the  same  method  held  for  12  seconds,  in  producing  strength  in 
right  thigh  outward  rotation. 

Lorback  (9)  equated  two  groups  of  thirty  subjects.  One  group  fol¬ 
lowed  a  standard  weight  training  program  for  eight  weeks,  while  the  other  group 
practiced  static  contractions,  with  the  Cable-Tension  Strength  Tests  developed 
and  improved  by  Clarke  (10,  11).  It  was  found  that  the  two  methods  were  ap¬ 
proximately  equal  in  effectiveness,  with  the  exception  of  knee  flexion  in  which 
the  static  contraction  group  gained  a  significantly  greater  amount  of  strength 
than  did  the  standard  weight  training  group. 

Mathews  and  Kruse  (12s 26)  compared  the  results  of  three  consecutive, 

6  second  maximal  contractions  using  darkens  Cable-Tension  Strength  Tests, 
with  isotonic  exercises  to  exhaustion  on  the  Kelso-Hellebrandt  Ergometer  with 
a  weight  load  equal  to  3/16  maximum  strength.  In  each  of  the  isometric  and 
isotonic  exercise  units,  there  were  four  groups  of  fifteen  subjects,  exercising 
two,  three,  four,  and  five  times  per  week  for  four  weeks.  Because  no  common 
regression  line  existed  in  any  group  with  regard  to  strength  changes,  it  was 
concluded  that  strength  gain  is  dependent  upon  the  individual  rather  than  upon 
the  type  of  exercise  he  practices,  or  the  frequency  with  which  he  exercises. 
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In  both  units,  as  exercise  frequency  increased,  a  greater  number  of  subjects 
gained  significantly  in  strength.  Whereas  41  out  of  sixty  subjects  in  the 

Isotonic  Unit  gained  significantly  in  strength,  44  of  the  sixty  subjects  in 
the  Isometric  Unit  made  statistically  significant  gains.  It  will  be  noted 
that  a  weight  load  of  only  3/l6  maximum  strength  was  used  for  the  Isotonic 
Unit,  and  the  authors  suggested  that  this  may  not  give  sufficient  resistance, 
Wolbers  and  Sills  (13)  found  that  six-second  maximum  isometric  con- 
tractions  performed  daily  by  high  school  boys  against  human  resistance  resulted 
in  increases  in  strength,  as  measured  by  back  lift,  leg  lift  and  combined  hand 
grip,  that  were  statistically  significant  at  the  1  percent  level  of  confidence, 
Rarick  and  Larsen  (14)  studied  three  groups  of  post-pubescent  males, 
equated  on  the  basis  of  initial  strength  test  scores  of  the  wrist  flexor 
muscles  as  measured  by  a  cable  tensiometer.  For  four  weeks,  the  control  group 
participated  in  no  activity?  Experimental  Group  I  followed  the  Hettinger  and 
Muller  (6)  procedure,  holding  a  2/3  maximal  contraction  for  six  seconds  daily, 
Monday  through  Thursday;  Experimental  Group  II  held  80  percent  maximal  tension 
for  five  periods  of  six  seconds  on  Monday,  increasing  the  number  of  exercise 
bouts  until  reaching  a  maximum  of  eight  on  Thursday,  It  was  found  that  both 
experimental  groups  achieved  statistically  significant  gains  in  strength,  at 
the  1  percent  level  of  confidence,  and  that  the  differences  in  final  scores 
between  the  two  groups  was  not  statistically  significant.  Four  weeks  after 
training  had  ceased,  differences  in  strength  retention  between  the  two  groups 
were  not  statistically  significant. 

Howell  and  Shaw  (15)  studied  the  effects  of  eight  daily  isometric  con¬ 
tractions,  held  maximally  for  six  seconds  against  an  immovable  bar,  in  eight 
different  positions.  It  was  found  that  strength,  as  measured  by  the  back  lift 
and  leg  lift,  increased  significantly  although  there  was  no  change  in  grip 
strength.  The  same  researchers  (16),  in  another  study  in  which  the  subjects 
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held  one  maximal  isometric  contraction  of  the  right  wrist  flexors  for  six  sec¬ 
onds  daily  for  four  weeks,  found  a  statistically  significant  increase  in  grip 
strength.. 

Rasch  and  Morehouse  (17)  tested  the  effectiveness  of  three  isometric 
elbow  flexion  curls,  for  15  seconds  each  with  3  minutes  rest,  at  two-thirds 
maximum  strength..  After  training  three  days  a  week  for  six  weeks,  it  was 
found  that  the  subjects  had  not  increased  significantly  in  strength..  However, 
following  isometric  arm  elevator  exercises  with  conditions  the  same  as  above, 
the  isometric  group  showed  a  statistically  significant  increase  in  strength.. 

Following  daily  training  sessions  consisting  of  thirty  isometric 
contractions  at  one  minute  intervals,  Darcus  and  Salter  (18)  found  a  statis¬ 
tically  significant  increase  in  both  isometric  and  isotonic  strength..  Little¬ 
field  (19)  and  Crakes  (20)  have  also  found  statistically  significant  mean  in¬ 
creases  in  strength  following  isometric  training »  Meadows  (21)  found  a  strength 
improvement,  statistically  significant  at  the  1  percent  level  of  confidence,  in 
vertical  jump,  leg  lift  and  back  lift,  following  isometric  training  three  days 
a  week  for  10  weeks*  Asa  (22)  found  that  repetitive  isometric  training 
(twenty  daily  contractions  for  six  seconds)  and  single  isometric  training 
(one  daily  contraction  of  six  seconds  duration)  both  resulted  in  statistically 
significant  increases  in  strength  for  all  members  of  both  groups,  although  the 
repetitive  contraction  group  gained  a  significantly  higher  level  of  strength 
than  the  single  contraction  group®  Training  was  carried  out  four  days  a  week 
for  twelve  weeks *  Liberson  and  Asa  (23)  also  found  repetitive  isometric  con¬ 
tractions  to  be  more  effective  in  the  development  of  strength  than  single  iso¬ 
metric  contractions*  Walters,  Stewart,  and  LeClaire  (24)  studied  the  effects 
of  isotonic  training,  isometric  training  with  maximal  resistance,  and  isometric 
training  with  two-thirds  maximal  resistance*  It  was  found  that  all  methods  were 
effective  in  increasing  strength  significantly,  although  maximal  isometric 
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contractions  were  found  to  be  more  effective  than  two-thirds  maximal  work* 

Rasch  and  Pierson  (25  ),  studying  the  relationship  between  maximum 
isometric  tension  and  breaking  point  strength  of  the  forearm  flexors,  found 
that  the  difference  between  isometric  contraction  in  pounds,  and  the  breaking 
point  strength  in  pounds,  was  not  statistically  significant  at  the  5  percent 
level  of  confidence. 

Gersten  (26)  compared  isometric  with  isotonic  exercises  under 
clinical  conditions.  Triceps,  quadriceps,  and  hamstrings  were  tested,  and  it 
was  found  that  both  types  of  exercise  produced  marked  improvement  in  isometric 
tension  and  in  ten  repetitions  maximum.  It  was  noted  that  the  shorter  time 
element,  the  lack  of  joint  movement,  and  the  ease  of  use  in  home  programs  are 
distinct  advantages  of  isometric  work.  With  regard  to  isotonic  work,  carrying 
the  extremity  through  its  complete  range  may  be  advantageous. 

Perkins  and  Kaiser  (27)  studied  the  effects  of  short  periods  of  iso¬ 
metric  and  isotonic  exercise  on  older  persons,  aged  62  to  84  years.  Group  1 
performed  daily  isometric  exercises  for  the  ankle  plantar  flexors,  the  knee 
extensors  and  the  hip  extensors.  Group  11  exercised  similar  muscle  groups 
using  the  DeLorme  ten  repetition  maximum  method.  After  five  months.  Group  1 
had  increased  30.8  percent  in  strength,  whereas  Group  11  had  improved  43°!$° 

The  intermediate  and  long  range  effects  were  essentially  equivalent.  Berger 
(28)  found  that  training  statically  improved  static  strength  more  than  did 
dynamic  training,  and  dynamic  training  improved  dynamic  strength  more  than 
static  training  did.  Improvements  in  static  strength  did  not  bring  about  a 
corresponding  increase  in  dynamic  strength;  the  reverse  was  also  found  to  be 
true. 

In  contradiction  to  the  above “mentioned  findings  regarding  the  ef¬ 
fectiveness  of  isometric  training,  other  researchers  have  presented  evidence 
that  does  not  support  the  development  of  strength  as  a  result  of  isometric 
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contractions.,  Petersen  (29)  studied  the  effects  of  single  isometric,  repetitive 
isometric,  eccentric,  and  concentric  contractions  on  the  development  of  muscular 
strength.  Group  I  trained  with  one  maximum  isometric  contraction  on  thirty-six 
occasions,  exercising  the  right  elbow  flexors  and  right  knee  extensors.  Group 
II  trained  the  same  muscles  with  10  daily  maximal  isometric  contractions  on 
thirty-six  occasions.  Both  isometric  groups  trained  on  a  Collins  Dynamometer. 
Group  III  trained  the  right  elbow  flexors  with  10  daily  eccentric  contractions 
on  thirty-six  occasions,  and  Group  IV  trained  with  a  15  minute  ride  on  an 
ergocycle  on  twenty  occasions.  At  the  end  of  the  training  period,  it  was  found 
that  Group  I,  the  single  maximal  contraction  group,  showed  no  statistically 
significant  increases  in  isometric  strength,  as  measured  with  a  Darcus  Dyna¬ 
mometer.  Group  II,  the  repetitive  isometric  group,  showed  a  tendency  toward 
an  increase  in  muscular  strength,  although  not  significantly.  The  six  male 
subjects  increased  significantly  in  strength  measurement,  but  the  four  female 
subjects  showed  no  increase.  Ten  daily  maximum  eccentric  contractions,  as  per¬ 
formed  by  Group  III,  resulted  in  no  strength  increase,  while  Group  IV,  which 
performed  concentric  work  on  the  ergocycle,  showed  statistically  significant 
strength  increases.  Petersen  (29)  noted  that  the  results  failed  to  confirm  the 
findings  of  Hettinger  and  Muller  (6),  but  mentioned  that  their  results  were 
dependent  upon  experiments  in  which  the  increases  in  strength  could  be  attri¬ 
buted  to  learning.  Petersen  (29)  suggested  that  an  increasing  number  of 
muscle  contractions  will  lead  to  an  increase  in  muscle  strength.  Hettinger 
( 5 235 )  points  out,  however,  that,  while  Petersen  (29)  found  better  train- 
ability  in  the  repetitive  isometric  group,  it  may  have  been  that  there  were 
more  subjects  with  good  trainability  in  this  group.  Howell  and  Shaw  (16),  as 
previously  mentioned,  found  statistically  significant  increases  in  grip  strength 
with  19  boys  who  practiced  one  daily  six-second  maximal  contraction  of  the  right 
wrist  flexors  for  four  weeks.  The  increase  in  strength  was  statistically 
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significant  M0.»  at  the  .01  level  of  confidence  for  the  unexercised  and  the 
exercised  arm  for  the  experimental  group  at  the  end  of  four  weeks."  (30s9)» 

Mayberry  (31)  found  that  maximal  and  submaximal  isometric  contract¬ 
ions,  held  for  six  seconds,  produced  no  statistically  significant  increases  in 
the  strength  of  the  wrist  flexors  or  extensors.  Wiekstrom  (32)  and  Hayman  and 
Schneider  (33)  also  observed  no  strength  increases  following  isometric  training . 
Hansen  (34)  studied  the  effects  of  a  thirty  day  isometric  training  programme 
on  ten  young  adult  females <>  Elbow  flexions  were  held  isometrieally  at  60  per¬ 
cent  of  the  maximum  strength  for  five  seconds ^  each  contraction  was  alternated 
by  two  seconds  of  rest.  It  was  concluded  that  the  capacity  to  perform  the 
specified  isometric  task  increased  significantly  but  that  maximum  isometric 
strength  and  the  ability  to  perform  dynamic  contractions  remained  unchanged. 

In  1955,  Steinhaus  (35)  suggested  that  a  six  second  contraction  of 
the  abdominal  muscles  held  six  times  daily  would  strengthen  weak  muscles  of 
the  abdominal  wall.  Thompson  (36)  mentions  that  static  contractions  are  effec¬ 
tive  in  building  strength,  and  that  the  abdominal  muscles  are  easy  to  contract 
statically,  either  in  the  sitting  or  the  standing  position 

Day  (37)  studied  the  effects  of  isometric  training  on  72  young  college 
women  enrolled  in  required  Physical  Education  golf  and  archery  classeso  Thirty- 
four  subjects  received  regular  instruction  for  six  weeks,  while  thirty-eight 
subjects  received  regular  instruction  as  well  as  practicing  six  second  iso¬ 
metric  contractions  of  the  abdominal  and  gluteal  muscles  six  times  daily  for 
six  weeks o  Waistline  measurements  were  taken  with  a  steel  millimetre  tape  at 
the  end  of  the  six  week  experimental  period,  and  three  weeks  after  training  had 
ceased.  After  three  weeks  of  daily  isometric  contractions  of  the  abdominal  wall, 
the  mean  reduction  in  waistline  girth  was  0o46  inches 5  after  six  weeks,  the  mean 
reduction  was  1.24  inches.  Both  girth  decreases  were  statistically  significant 
at  the  1  percent  level  of  confidence.  Although  hip  girth  was  not  measured. 
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most  subjects  felt  that  their  hips  had  been  reduced  in  size,  and  Day  suggested 
that  further  study  be  undertaken  in  this  regard*  The  control  group  experi¬ 
enced  no  reduction  in  waistline  girth*  There  was  no  weight  change  in  either 
group,  indicating  that  the  mean  reduction  in  waistline  girth  was  not  a  result 
of  weight  loss.  Three  weeks  after  training  had  ceased,  mean  waistline  girth 
had  increased  to  25*55  inches,  as  compared  with  25*51  inches  three  weeks  after 
training  had  begun. 

Isometric  Exercise  and  Muscular  Endurance.  Although  a  great  deal  of 
evidence  now  exists  with  regard  to  the  development  of  muscular  strength  through 
isometric  training,  very  little  has  been  done  to  investigate  changes  in  muscular 
endurance  resulting  from  an  isometric  programme. 

Muller  (38)  stated  that  after  isometric  training,  the  time  which  a 
static  contraction  can  be  held  until  exhaustion  remained  unchanged,  although 
maximum  strength  may  have  increased  from  64  percent  to  97  percent.  Therefore, 
**...  in  spite  of  a  lower  tension  (strength  per  cross  section)  blood  supply  is 
not  remarkably  better.1*  Also,  M..o  appropriate  adaptation  of  ventilation  and 
circulation  to  the  increased  muscular  power  must  be  acquired  in  other  ways 
than  by  static  muscular  training.**  From  these  statements,  it  might  be  as¬ 
sumed  that  a  programme  of  isometric  training  would  be  ineffective  in  improving 
muscular  endurance. 

Clarke  (39) >  studying  the  energy  cost  of  isometric  exercise  among 
twenty-four  male  undergraduate  students,  found  that  the  size  of  oxygen  income, 
the  oxygen  debt,  and  the  total  oxygen  requirement  increased  linearly  in  pro¬ 
portion  to  the  size  of  the  weight  held  by  the  muscles.  In  this  study,  weights 
of  fifty,  thirty- five,  and  twenty  pounds  were  used.  When  these  results  were 
compared  with  those  for  dynamic  exercise,  it  was  found  that  the  oxygen  debt 
was  43  percent  greater  for  static  exercise,  and  that  the  net  oxygen  income  was 
19  percent  less  for  static  exercise.  Both  differences  were  statistically 
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significant •  It  was  concluded  that  a  considerable  part  of  the  local  circula¬ 
tion  is  cut  off  during  static  work* 

From  these  observations ,  it  would  appear  that  static  training  would 
have  no  beneficial  effect  upon  capillary  circulation  in  the  parts  under  con¬ 
traction,  and,  therefore,  should  not  improve  muscular  endurance8  Bancroft  and 
Miller  (40)  reported  that,  when  tension  increases  on  the  Achilles  tendon,  the 
flow  of  blood  to  the  Gastrocnemius  muscle  is  decreased*  Barcroft  and  Swan  (41) 
have  agreed  with  Muller  (38)  that  blood  supply  and  endurance  are  mainly  a  func¬ 
tion,  in  static  work,  of  uninterrupted  compression  of  the  blood  vessels * 

However,  Asmussen,  as  reported  by  Petersen  (29),  found  that  sustained 
isometric  work  appeared  to  exert  a  greater  effect  on  muscular  endurance  to 
static  contraction  than  intermittent  isometric  worke 

Baer,  et  al*  (42)  found  a  marked  increase  in  the  muscular  endurance 
of  the  wrist  flexor  muscles,  following  heavy  resistance  isometric  exercise, 
heavy  resistance  isotonic  exercise,  and  low  resistance  complex-motion  exercise * 
In  1957,  Swegan  (43)  studied  the  effects  of  static  contractions  and 
standard  weight  training  programmes  on  muscular  endurance*  Two  groups  of  30 
male  freshmen  participated  in  the  10  week  study*  Group  A  followed  a  weight 
training  programme  of  the  progressive  resistance  type,  working  for  increased 
poundage,  and  up  to  ten  repetitions*  Group  B  performed  static  contractions  at 
2/3  maximum  strength.  The  groups  were  equated  on  the  basis  of  muscular  endur¬ 
ance  and  movement  speed*  Muscular  endurance  was  measured  by  the  ability  to  per¬ 
sist  in  flexion  at  a  pre-determined  rate  on  the  bicycle  ergometer*  It  was  found 
that  both  methods  resulted  in  statistically  significant  increases  in  muscular 
endurance,  and  that  there  was  no  statistically  significant  differences  in  the 
final  results  between  the  two  groups,  although  the  static  training  method  ap¬ 
peared  to  be  more  effective  in  developing  endurance  in  knee  extension* 


Stoboy,  Nusaggen,  and  Friedebold  (44)  found  that  the  ability  to  hold 
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a  maximum  isometric  effort  to  exhaustion  increased  with  isometric  training* 

Meadows  (21)  fotmd  that  muscular  endurance,  as  measured  by  the  ab¬ 
ility  to  perform  repeated  chins  and  dips,  was  increased  following  ten  weeks 

of  isometric  training.  Liberson  and  Asa  (23)  studied  three  groups  -  one 
following  the  DeLorme  isotonic  method;  one  performing  one  daily  six-second 
isometric  contraction;  and,  one  performing  twenty  daily  isometric  contrac¬ 
tions  of  six  seconds  duration.  It  was  found  that  the  isometric  groups  exper¬ 
ienced  greater  changes  in  muscular  endurance  than  did  the  isotonic  group® 

Single  isometric,  repetitive  isometric  and  isotonic  exercises  were  studied 
by  Asa  (22),  who  found  a  greater  increase  in  endurance  by  the  repetitive  iso¬ 
metric  group  than  by  the  isotonic  group,  and  no  difference  between  the  single 
isometric  group  and  the  isotonic  group.  Walters,  Stewart,  and  LeClaire  (24) 
observed  gains  in  muscular  endurance  following  isotonic  training,  isometric 
training  with  maximum  resistance,  and  isometric  training  with  two-thirds 
maximum  resistance. 

t- 

Dennison,  Howell,  and  Morford  (45)  equated  two  groups  of  ten  subjects 
each,  enrolled  in  required  physical  education  classes,  on  the  basis  of  their 
scores  in  the  Arm  Strength  Index  (  I  *  [Chins  +  DipsJ  [Weight/10  -  Height  -  6o), 
as  devised  by  Rogers  and  reported  by  Mathews  (46).  Group  I  participated  in  a 
weight  training  programme,  using  standard  weights  and  following  a  standard 
training  routine,  with  a  minimum  of  five  and  a  maximum  of  ten  repetitions. 

Group  II  practiced  the  thirteen  isometric  exercises  of  the  Commander  Set,  out¬ 
lined  by  Steinhaus  (47).  Maximum  contractions  were  held  for  six  seconds  in 
each  of  the  exercise  positions.  Both  groups  met  twice  weekly  at  the  same 
time  for  a  period  of  eight  weeks. 

At  the  end  of  this  period.  Group  I,  the  isotonic  weight  training 

i 

group,  showed  statistically  significant  improvements  in  chinning  (at  the  1  per¬ 
cent  level  of  confidence:  t  »  3*6);  in  dipping  (at  the  2  percent  level  of 
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confidence:  t  =  3 • l) ;  and  in  Arm  Strength  Index  (at  the  1  percent  level  of 
confidence:  t  =•  4*22). 

Group  II,  the  isometric  Commander  Set  group,  showed  statistically 
significant  improvements,  at  the  5  percent  level  of  confidence,  in  chinning 
(t -=  2.6);  in  dipping  (t  —  2.7);  and  in  Arm  Strength  Index  (t  =  2.75)* 

The  differences  between  the  two  groups  in  the  final  test  were  not 
statistically  significant  (dipping,  t  —  0;  chinning,  t=  0.17;  Arm  Strength 
Index,  t  =  0.7S). 

Howell,  Kimoto,  and  Morford  (4S)  equated  an  experimental  group  and 
a  control  group  on  the  basis  of  performance  on  a  bicycle  ergometer  with  a  14 
kilogram  resistance.  Improvement  in  muscular  endurance,  as  measured  by  two 
minutes  on  the  bicycle  ergometer,  was  shown  by  both  the  weight  training  group 
and  the  Commander  Set  group.  Both  groups  improved  at  the  1  percent  level  of 
confidence,  and  no  statistically  significant  difference  was  found  between  the 
two  groups. 

Howell  and  Shaw  (15)  found  that  eight  daily  contractions  against  a 
bar  in  eight  different  positions,  held  maximally  for  six  seconds,  resulted 
in  an  increase  in  muscular  endurance,  as  measured  by  chins,  dips  and  the 
Arm  Strength  Index. 

Lawrence,  Mayer,  and  Mathews  (49)  found  that  isometric  exercises 
were  instrumental  in  bringing  about  a  statistically  significant  increases 
in  the  endurance  of  the  quadriceps  muscles. 

Muscular  endurance  is  measured  by  the  ability  of  a  subject  to  per¬ 
sist  in  a  movement.  Walters  and  Partridge  (50,  51)  have  shown,  electromyo- 
graphically,  that  variations  of  the  sit-up  are  most  effective  in  producing 
activity  in  all  abdominal  muscles,  and,  therefore,  this  exercise  will  be 
used  to  study  muscular  endurance  of  the  abdominal  muscles,  mainly  the  rectus 


abdominis. 
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Anthropometry *  1*  Girth  Measurements*  Sills  stated  (52^44) s 

There  are  several  methods  that  have  been  suggested  for  taking  girth 
measurements  .  ;  the  one  which  best  standardizes  the  technique 

is  that  which  involves  light  contact  around  the  periphery  of  the 
part  measured  with  no  indentation  of  the  skin*  The  major  objection 
to  taking  girth  measurements  with  pressure  is  that  of  causing  the 
subcutaneous  tissue  and  fat  to  shift  when  the  tape  is  applied*  When 
(l)  the  proper  landmarks  are  carefully  observed,  (2)  the  contact  of 
the  tape  with  the  skin  is  carefully  maintained  without  excessive 
pressure,  and  (3)  the  position  of  the  subject  is  standardized,  then 
an  objective  and  reliable  measurement  will  be  obtained* 

The  measurement  0*»  of  abdominal  girth(s)  is  somewhat  comp¬ 
licated  by  the  excursion  of  the  thoracic  cage  during  normal  breathing* 
For  this  reason,  the  excursion  of  the  . • *  abdomen  may  be  followed 
during  quiet  breathing  and  the  mean  of  the  largest  and  smallest 
measurements  recorded* 

An  outline  of  anthropometric  techniques  has  been  prepared  by  the 
Iowa  Child  Welfare  Research  Station  at  the  University  of  Iowa  (53) «  It  has 
been  suggested  that  the  girth  of  the  abdomen  be  measured  at  the  level  of  the 
umbilicus  and  at  right  angles  to  the  vertebral  column*  The  subject  is 
directed  to  stand  naturally  with  the  upper  extremities  held  slightly  away 
from  the  body,  and  the  tester  stands  in  front  of  the  subject  and  passes  the 
tape  around  the  abdomen*  With  regard  to  forearm  girth,  the  same  report  sug¬ 
gests  that  the  hand  of  the  subject  be  rotated  to  the  anatomical  position  and 
that  the  forearm  be  flexed  slightly*  The  tape  is  then  placed  around  the  fore¬ 
arm  immediately  below  the  joint  of  the  elbow  and  the  horizontal  plane  of  the 
greatest  girth  is  located*  For  the  measurement  of  thigh  circumference,  the 
subject  is  directed  to  stand  with  the  feet  about  nine  inches  apart  so  that 
there  is  no  contact  between  the  medial  surfaces  of  the  thighs*  The  tape  is 
then  applied,  from  the  rear  of  the  subject,  below  the  gluteal  fold  and  around 
the  medial  bulge  of  the  thigh  at  right  angles  to  the  long  axis  of  the  leg* 

Concerning  the  measurement  of  hip  circumference,  Sills  (52$43)  men¬ 
tioned  the  most  lateral  point  of  the  great  trochanter  of  the  femur  as  being 
one  of  the  landmarks  of  the  body.  Cureton  (54* 109)  appears  to  use  this  land¬ 
mark  for  the  measurement  of  hips  and  glutei. 
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Sills  also  stated  (52:44) s  "Girth  measurements  should  be  taken  by- 
means  of  an  anthropometric  steel  tape  since  other  tapes  are  subject  to  error 
as  a  result  of  stretching  or  shrinkage."  The  Iowa  report  on  anthropometric 
techniques  (53),  also  mentions  that  a  steel  millimetre  tape  is  to  be  used. 

Cureton  (55)  suggested  that  girth  measurements  be  taken  over  tensed 
muscles.  However,  because  attention  in  this  study  is  focused  upon  girths  of 
women  in  normal  positions, girth  measurements  will  be  taken  with  the  muscles 
in  a  normal  state  of  contraction* 

2.  Skinfold  Measurements.  One  of  the  methods  for  estimating  the 
proportion  of  body  fat  is  by  measuring  with  a  caliper,  the  thickness  of  folds 
of  skin  and  subcutaneous  tissue,  which  is  pulled  away  from  underlying  muscle: 
and  bone.  The  requirements  for  an  accurate  caliper  are  as  follows  (56): 

1.  The  faces  of  the  caliper  should  be  rectangular  of  size  6  by  15, 
mm.  with  well  rounded  edges  and  corners. 

2.  The  pressure  of  the  faces  should  not  vary  by  more  than  2.0 
gm/mm2  over  the  range  of  openings  2-40  mm. 

3*  For  results  which  can  be  reproduced  with  accuracy,  the  pressure 
should  lie  in  the  range  9-20  gm/mm2.  The  pressure  of  10 
gm/mm^  ±s  suggested  as  standard  value. 

4.  The  scale  of  the  instrument  should  be  such  that  readings  can 
be  taken  preferably  to  the  nearest  .01  mm. 

A  skinfold  caliper  which  meets  these  requirements  was  developed  at 

the  Harpenden  Growth  Study  .... 

Sills  (52:44)  mentioned  the  Harpenden  Skinfold  Caliper  as  being  one 
of  the  newer  calipers  which  eliminated  the  possibility  of  error  attributed  to 
the  spring  in  the  Franzen-type  caliper.  Roby  (57?275)  has  reported  a  test- 
retest  reliability,  with  this  instrument,  of  0.97,  while  Clarke,  Geser  and 
Hunsdon  (58)  found  a  reliability  coefficient  of  0.98.  Edwards  et  al.  (59) 
showed  a  variation  of  only  0.5  millimetres  in  19  out  of  20  readings,  and 
Yuhasz  (60),  comparing  the  Harpenden  and  Franzen-type  calipers,  found  that  the 
Harpenden  Caliper  gave  better  same-day  test  reliabilities  in  8  out  of  10 
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measurements.  Tanner  and  Whitehouse  observed  that  (56) g  ’’Duplicate  measure¬ 
ments  at  the  same  site  by  the  same  observer  agree  more  closely  for  small  than 
for  large  readings,  the  measuring  area  increasing  roughly  in  proportion  to 
the  size  of  the  measurement They  noted  that,  with  a  jaw  opening  of  7  milli¬ 
metres,  there  was  a  duplicate  measurement  difference  of  only  Qo3  to  0,6 
millimetres. 

The  following  general  procedure  has  been  carried  out  by  several  re¬ 
searchers  (56,  57,  60); 

1.  The  thumb  and  forefinger  of  the  left  hand  grasp  firmly  the 
fold  of  skin,  pulling  it  away  from  the  underlying  muscle, 

2o  The  contact  surfaces  of  the  caliper  are  placed  one  centimetre 
away  from  the  fingers. 

3.  As  greater  pressure  is  exerted  by  the  caliper,  the  pressure 
exerted  by  the  thumb  and  forefinger  is  lessened  slightly, 

4.  The  scissor  grip  of  the  caliper  held  in  the  right  hand,  is 
released  while  the  right  hand  continues  to  support  the  weight 
of  the  instrument. 

5.  When  the  dial  needle  stops  moving,  the  reading  is  taken  to  the 
nearest  1/10  millimetre.  ’’The  large  hand  can  make  two  complete 
revolutions,  the  first  measuring  from  0  to  20  mm,,  the  second 
from  20  to  40  mm.  The  position  of  the  small  hand  indicates 
whether  one  is  in  the  0  to  20  or  20  to  40  phase.  The  maximum 
measurement  registerable  is  50  mm.”  (50). 

6.  The  right  hand  then  squeezes  the  grip  of  the  caliper,  releasing 
it  and  removing  it  from  the  skinfold.  Then  the  fold  is  re¬ 
leased  from  between  the  fingers. 

Care  must  be  taken  to  avoid  excessive  compression  of  the  skinfold, 
Brozek,  Brock,  Fidanza,  and  Keys  (6l)  found  that,  if  measurements  were  made  in 
rapid  succession,  the  skinfold  measurement  decreased.  This  is  probably  due  to 
the  displacement  of  fluids  caused  by  the  pressure  of  the  caliper  and  the 
fingers. 


As  many  as  fifty-three  body  sites  of  measurement  have  been  described 
(62),  but  for  the  purposes  of  this  study,  only  three  have  been  used.  With  re¬ 
gard  to  the  measurement  of  abdominal  skinfolds,  McCloy  (63? 368)  gives  these 
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instructions? 

Fat  measurement  on  abdomen 0  The  measurer  applies  the  calipers  on 
the  front  of  the  abdomen  in  a  line  between  the  nipple  and  the 
umbilicus  just  over  the  border  of  the  rib  cartilage,,  The  blades 
of  the  caliper  are  parallel  to  the  line  from  the  nipple  to  the 
umbilicus o 

Yuhasz  (60s 2)  states? 

(5)  Umbilical.  The  skinfold  is  located  to  the  left  of*  adjacent  to 
and  in  line  with  the  navel.  The  fold  is  lifted  parallel  to  the 
long  axis  of  the  body. 

This  position  has  also  been  used  by  Cureton  (54” 110). 

Yuhasz  (60? 2)  measured  rear  thigh  skinfold*  as  follows? 

(7)  Rear  Thigh.  The  skinfold  is  located  midway  on  the  back  of  the 
upper  leg.  The  leg  is  held  in  the  same  position  as  in  the  front 
thigh  measurement.  The  skinfold  is  lifted  parallel  to  the  long 
axis  of  the  leg. 

Regarding  the  front  thigh  measurement,  Yuhasz  said  that  the  ”...  foot  is  placed 
on  a  six  inch  step  with  the  knee  slightly  flexed  and  muscles  relaxed."  (60?2). 
Cureton  (54:110)  measured  this  skinfold  with  the  foot  raised  so  that  the  knee 
was  at  right  angles. 

Bullen  and  Hardy  (64)  have  noted  that  women  tend  to  accumulate  fat 
in  the  hip,  thigh,  and  abdominal  areas.  Yuhasz  (60?l)  recommends  that  the 
rear  thigh  skinfold  measurement  replaces  the  chest  skinfold  measurement  with 


females. 
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CHAPTER  III 


METHODS  AND  PROCEDURE 

Selection  of  Subject s.  The  subjects  were  33  freshman  women,  aged  from 
seventeen  years  and  two  months  to  twenty  years  and  two  months,  who  were  en¬ 
rolled  in  the  required  first  year  Physical  Education  228  programme  at  the 
University  of  Alberta  in  Edmonton* 

Until  the  beginning  of  the  study,  the  subjects  had  attended  physical 
education  classes  which  met  twice  weekly  for  thirty- five  minutes*  All  classes 
were  instructed  by  the  experimenter*  For  six  weeks,  instruction  had  been 
given  in  creative  dance,  and  for  four  weeks,  the  class  had  been  instructed  in 
badminton* 

Although  the  experiment  began  with  forty- seven  subjects, the  data 
for  fourteen  subjects  had  to  be  discarded  because  of  illness,  accidents,  with¬ 
drawal  from  university,  failure  to  perform  the  prescribed  exercises  each  day, 
or  intensive  participation  on  university  athletic  teams. 

Duration  of  the  Experiment*  The  entire  study  was  of  twelve  weeks  dur¬ 
ation,  six  weeks  serving  as  the  control  period  and  six  weeks  serving  as  the 
experimental  period* 

In  the  week  preceding  the  beginning  of  the  control  period,  the  sub¬ 
jects  were  given  the  following  tests?  weight;  girth  measurements;  subcutan¬ 
eous  fat  measurements;  grip  strength;  strength  of  quadriceps  extension;  and 
muscular  endurance  as  measured  by  the  total  number  of  sit-ups  performed  in 
two  minutes.  Four  days  later,  the  subjects  were  re-tested  in  order  to  estab¬ 
lish  the  reliability  of  the  measurements.  The  re-test  scores  served  as  initial 
scores  for  the  control  period* 

For  the  next  six  weeks,  the  control  period,  the  subjects  were  excused 
from  attendance  at  physical  education  classes,  but  were  allowed  to  pursue 
normal  activities.  At  the  end  of  this  six  week  period,  all  tests  were 
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repeated.  The  results  served  as  final  scores  for  the  control  period,  and  as 
initial  scores  for  the  experimental  period. 

For  the  following  six  weeks,  the  subjects  were  again  excused  from 
physical  education  classes,  but  were  required  to  report  daily,  Monday  through 
Friday,  to  the  Physical  Education  Building,  to  perform  the  prescribed  iso¬ 
metric  exercises,  under  the  supervision  of  the  experimenter.  Final  tests  were 
given  at  the  end  of  this  period. 

Test  Apparatus o  The  following  equipment  was  used? 

a.  one  weight  scale. 

b.  one  Martin  Circummeter  D.B.P.  steel  anthropometric  tape. 

c.  one  Harpenden  Skinfold  Caliper. 

d.  one  cable  tensiometer,  of  100  pounds  maximum  tension,  for 

measuring  grip  strength. 

e.  one  specially-constructed  arm  chair,  to  which  the  cable 

tensiometer  for  measuring  grip  strength  was  affixed. 

f.  one  cable  tensiometer,  of  200  pounds  maximum  tension,  for 

measuring  strength  of  quadriceps  extension. 

g.  one  table,  to  which  the  cable  tensiometer  for  measuring 

quadriceps  extension  could  be  affixed,  and  on  which 

the  subject  sat. 

h.  one  mat,  on  which  sit -ups  were  performed. 

Test  Methods  and  Procedure.  All  testers  were  senior  and  graduate 
students  in  the  School  of  Physical  Education  at  the  University  of  Alberta  in 
Edmonton.  All  were  trained  beforehand  in  the  administration  of  the  tests  and 
each  tester  administered  the  same  test  throughout.  One  tester  performed  all 
the  girth  measurements;  another  performed  all  the  skinfold  measurements; 
another  tested  grip  strength;  another  tested  strength  of  quadriceps  extension; 
another  measured  weight  and  determined  the  number  of  sit -ups. 

Each  subject  was  provided  with  a  record  sheet.  The  tester  made  the 
measurement  and  the  data  was  then  recorded.  A  sample  record  sheet  may  be 
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found  in  Appendix  B. 

A  representative  sample  of  each  test,  with  the  exception  of  weight, 
was  photographedo 

The  tests  were  administered  as  follows? 

Step  I.  Weight o  The  subject  was  barefooted,  and  dressed  in  shorts 
and  a  T-shirt.  Her  weight  was  recorded  in  pounds  to  the  nearest  quarter- 
pound.  During  each  testing  session,  the  subjects  weight  was  recorded  at 
the  same  time  of  day.  It  was  necessary  to  keep  an  accurate  record  of  the 
weight  of  each  subject  in  order  to  determine  if  any  changes  in  girth  were  re¬ 
lated  to  changes  in  weight 0 

Step  II „  Girth  Measurements.  All  girth  measurements  were  taken  next 
to  the  skin  with  a  Martin  Circummeter  D.  B.  P.  steel  anthropometric  tape,  and 
were  recorded  to  the  nearest  1/8  inch.  The  tape  was  held  in  light  contact 
with  the  skin,  with  no  indentation  (1 A  device  on  the  tape  allowed  uni¬ 
form  tension  to  be  exerted  with  each  measurement,  and  marked  the  actual 
measurement  on  the  tape  while  the  tape  was  removed  from  the  body  for  more 
accurate  reading. 

a.  Waist  Girth  (Figure  I).  The  subject  stood  in  a  natural  manner 
with  the  head  erect,  and  the  arms  held  slightly  away  from  the  body.  The  tester 
stood  in  front  of  the  subject  and  passed  the  tape  around  the  abdomen  so  that 
it  crossed  in  front  at  the  level  of  the  umbilicus,  and  lay  in  a  plane  at  right 
angles  to  the  vertebral  column.  In  cases  of  umbilical  protrusion,  the  tape 
crossed  at  a  level  immediately  above  the  umbilicus.  The  measurement  recorded 
was  the  median  value  during  normal  respiration  (2). 

b.  Hip  Girth  (Figure  II).  The  subject  stood  in  a  normal  manner, with 
the  feet  together  and  the  arms  held  slightly  away  from  the  sides.  The  tester 
stood  at  the  side  of  the  subject  and  passed  the  tape  around  the  most  lateral 
portion  of  the  greater  trochanters.  The  plane  of  the  tape  was  at  right 
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FIGURE  I.  Measurement  of 
Waist  Girth 


FIGURE  II.  Measurement  of 
Hip  Girth 


NOTE:  ALL  girth  measurements  were  actually  taken  next  to  the  skin. 


FIGURE  III.  Measurement  of 
Thigh  Girth 


FIGURE  IV.  Measurement  of 
Forearm  Girth 
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angles  to  the  long  axis  of  the  body. 

c.  Thigh  Girth  (Figure  III).  The  subject  stood  with  the  inner 
borders  of  her  feet  nine  inches  apart,  so  that  the  medial  surfaces  of  the 
thighs  were  not  in  contact  with  each  other.  The  weight  was  equally  dis¬ 
tributed  over  both  feet.  The  tester  stood  at  the  rear  of  the  subject,  and 
passing  the  tape  around  the  right  thigh,  adjusted  it  so  that  it  lay  at  right 
angles  to  the  long  axis  of  the  leg  just  below  the  gluteal  fold,  and  through 
the  maximum  "bulge1’  of  the  medial  surface  (2). 

d.  Forearm  Girth  (Figure  IV ).  The  subject  stood  erect  with  the 
right  forearm  flexed  at  right  angles  to  the  upper  arm,  and  with  the  hand 
supinated.  The  muscles  of  the  forearm  were  in  a  relaxed  state.  The  tester 
stood  in  front  of  the  subject,  and  passed  the  tape  around  the  largest  cir¬ 
cumference  of  the  forearm  at  the  junction  of  the  upper  and  middle  thirds,  so 
that  it  lay  in  a  plane  at  right  angles  to  the  long  axis  of  the  arm. 

Step  III.  Skin fold  Measurements.  In  order  to  establish  that  any 
change  in  girth  was  the  result  of  isometric  training  rather  than  changes  in 
subcutaneous  fat  deposits,  it  was  necessary  to  keep  an  accurate  record  of 
skinfold  measurements.  For  measuring  skinfold  thickness,  the  Harpenden 
Skinfold  Caliper  (Figure  V)  was  used.  The  measuring  procedure  was  as  fol¬ 
lows  (3,  4,  5): 

1.  The  thumb  and  forefinger  of  the  left  hand  grasped  firmly  the 
fold  of  skin,  pulling  it  away  from  the  underlying  bone  and  muscle. 

2.  The  contact  surfaces  of  the  caliper  were  placed  one  centimetre 
away  from  the  fingers. 

3.  As  greater  pressure  was  exerted  by  the  caliper,  the  pressure 
exerted  by  the  thumb  and  forefinger  was  lessened  slightly. 

4.  The  scissor  grip  of  the  caliper  held  in  the  right  hand  was  re¬ 
leased  while  the  right  hand  continued  to  support  the  instrument, 

5.  When  the  dial  needle  stopped  moving,  the  reading  was  taken  to 
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FIGURE  V7.  Harpenden  Skinfold 
Caliper 


FIGURE  VI.  Measurement  of 

Abdominal  Skinfold 


FIGURE  VII.  Measurement  of 

Rear  Thigh  Skinfold 


FIGURE  VIII.  Measurement  of 
Forearm  Skinfold 


the  nearest  l/lO  millimetre. 

6.  The  right  hand  then  squeezed  the  grip  of  the  caliper,  releasing 
it,  and  removing  it  from  the  skinfold.  Then  the  fold  was  released  from 
between  the  fingers. 

Skinfold  measurements  were  taken  at  the  following  sites: 

1.  Abdominal  (Figure  VI).  The  skinfold  was  located  to  the  left  of, 
adjacent  to,  and  in  line  with,  the  umbilicus.  The  fold  was  lifted  parallel 
to  the  long  axis  of  the  body. 

2.  Right  Rear  Thigh  (Figure  VII ).  The  subject  stood  with  her  right 
foot  elevated  six  inches  so  that  her  knee  was  slightly  flexed  and  muscles 
relaxed.  The  skinfold  was  lifted  parallel  to  the  long  axis  of  the  leg,  at  a 
point  midway  in  the  back  of  the  upper  leg. 

3*  Right  Forearm  (Figure  VIII).  The  right  forearm  of  the  subject 
was  held  slightly  away  from  the  body  and  the  elbow  was  flexed  at  right  angles. 
The  hand  was  supinated.  The  skinfold  was  lifted,  on  the  inner  palmar  surface 
of  the  right  forearm,  parallel  to  the  long  axis  of  the  arm,  at  the  junction 
of  the  middle  and  upper  thirds. 

Step  IV.  Strength  of  Quadriceps  Extension  (Figure  IX ).  The  subject 
sat  on  the  end  of  a  specially  constructed  table,  with  her  knees  just  over  the 
edge.  The  angle  between  her  lower  right  leg  and  right  thigh,  as  measured  with 
a  goniometer,  was  115  degrees.  A  belt  was  passed  around  her  lower  leg  midway 
between  the  ankle  and  the  knee.  To  this  was  fastened  a  cable  and  to  the  cable 
a  chain,  which  was  hooked  to  the  base  of  the  table,  allowing  the  angle  of  knee 
flexion  to  remain  at  115  degrees.  A  tensiometer  was  placed  on  the  cable.  On 
the  command  "lift”,  the  subject  attempted  to  straighten  her  right  leg  as 
forcibly  as  possible.  She  was  allowed  to  brace  her  hands  on  the  table  beside 
her  hips,  but  was  prevented  from  lifting  the  buttocks  or  flexing  the  arms 
(6:92).  Only  one  trial  was  given,  and  the  reading  was  recorded  on  the  dial 
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FIGURE  IX.  Measurement  of 

Quadriceps  Strength 


FIGURE  X.  Measurement  of 
Grip  Strength 


FIGURE  XI.  Measurement  of  Endurance 
of  the  Abdominal  Muscles 
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of  the  tensiometer.  Before  the  beginning  of  the  experiment,  all  subjects  had 
been  given  practice  trials  on  two  separate  days* 

Step  V.  Grip  Strength  (Figure  X)o  The  subject  sat  erect  in  a  spec- 
ially  constructed  arm  chair  to  which  a  cable  tensiometer  had  been  affixed. 

The  back  of  the  right  forearm  was  placed  against  the  arm  of  the  chair,  the 
elbow  was  flexed  at  right  angles  and  the  hand  was  supinated.  The  subject 
grasped  the  handles  of  the  tensiometer  and  squeezed  them  together  as  forcibly 
as  possible.  Only  one  trial  was  allowed. 

To  overcome  any  large  initial  learning  effects,  all  subjects  had 
been  given  practice  trials  on  two  days  before  the  experiment  began. 

Step  VI.  Muscular  Endurance  of  the  Abdomen  (Figure  XI ).  The  subject 
lay  on  her  back  on  a  mat,  with  her  feet  flat  on  the  floor,  her  knees  partially 
flexed,  her  hands  clasped  behind  her  neck  and  her  elbows  held  in  close  to  her 
body.  She  was  then  required  to  sit  up  to  an  upright  position,  and  return  to 
the  original  position.  The  total  number  of  times  that  the  upright  position 
was  assumed,  in  two  minutes,  was  recorded.  The  feet  of  the  subject  were  held 
by  another  subject.  The  flexion  of  the  knees  lessened  involvement  of  the  hip 
flexor  muscles  to  a  marked  degree. 

Experimental  Procedure.  During  the  final  six  weeks,  which  served  as  the 
actual  experimental  period,  all  subjects  were  required  to  report  daily  to  the 
Physical  Education  Building,  Monday  through  Friday,  to  perform  the  prescribed 
exercise  under  the  direction  of  the  experimenter. 

The  instructions  were  given  as  follows? 

1.  Stand  normally;  inhale,  then  exhale  and  hold  the  exhalation. 
Contract  and  tighten,  as  strongly  as  you  can,  the  muscles  of 
the  abdomen,  thighs,  and  hips.  Hold  this  contraction  for  six 
seconds.  Relax  for  two  seconds.  Now,  inhale,  exhale,  and 
tighten  again.  .  .  . 

(This  exercise  is  performed  six  times  for  six  seconds  each  time, 
daily,  for  six  weeks). 

2.  Stand  normally;  hold  the  right  upper  arm  against  the  right  side 
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and  flex  the  elbow  at  a  ninety  degree  angle,  with  the  palm  facing 
up.  Squeeze  the  right  fist  as  strongly  as  possible,  until  it  is 
shaking.  Hold  this  contraction  for  six  seconds.  Relax. 

The  holding  of  the  exhalation  while  contracting  in  Exercise  #1 
prevents  the  use  of  the  respiratory  muscles  in  retracting  the  abdomen.  The 
exercise  was  performed  six  times  daily  in  order  to  insure  that  each  set  of 
muscles  was  held  in  a  state  of  contraction  for  six  seconds. 

Holding  the  arm  against  the  side  in  Exercise  #2  insured  a  standard¬ 
ized  position  each  time  the  contraction  took  place.  The  strength  testing 
with  the  cable  tensiometer  took  place  in  this  position  as  well. 
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CHAPTER  IV 


RESULTS  AND  DISCUSSION 


Results 

Thirty- three  freshman  women  were  tested  on  the  following  eleven 
variables:  weight;  girth  of  the  waist,  hips,  right  thigh  and  right  forearm; 
skinfold  thickness  of  the  abdomen,  right  rear  thigh  and  right  forearm; 
strength  of  right  knee  extension;  right  grip  strength;  and  abdominal  muscular 
endurance  as  measured  by  the  ability  to  perform  sit-ups  for  two  minutes.  Four 
days  later,  all  subjects  were  retested  at  the  same  time  of  day  and  by  the 
same  testers  on  all  eleven  variables. 

The  Pearson  Product-Moment  method  was  used  to  determine  the  test- 
retest  reliability  of  all  the  measurements  used.  For  weight,  the  correlation 
coefficient  was  found  to  be  0.996,  while  the  mean  reliability  found  for  the 
girth  measurements  was  0,96  (forearm  0*98,  right  thigh  0,97,  hips  0,95  and 
waist  0.93).  For  skinfold  measurements,  the  mean  reliability  was  found  to  be 
0.91  (abdomen  0.96,  forearm  0.92  and  rear  thigh  0.85).  The  reliability  for 
the  measurement  of  knee  extension  strength  was  0.81,  for  grip  strength  0.69 
and  for  sit-ups  0.68.  A  summary  of  these  findings  may  be  seen  in  Table  1. 


TABLE  1 

TEST-RETEST  RELIABILITY  COEFFICIENTS 


Variable 

r 

Variable 

r 

1.  Weight 

0.996 

7.  Right  Rear  Thigh  Skinfold 

0.85 

2.  Waist  Girth 

0.93 

8.  Right  Forearm  Skinfold 

0.92 

3.  Hip  Girth 

0.95 

9.  Right  Knee  Extension  Strength 

0.81 

4.  Right  Thigh  Girth 

0.97 

10.  Right  Grip  Strength 

0.69 

5.  Right  Forearm  Girth 

0.98 

11.  Abdominal  Muscular  Endurance 

0.68 

(number  of  sit-ups) 

6.  Abdominal  Skinfold 

0.96 
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The  subjects  in  the  experiment  served  as  their  own  controls.  The 
retest  scores  were  considered  to  be  the  Trial  1  scores,  the  initial  scores 
for  the  control  period  which  lasted  for  six  weeks.  At  the  end  of  this  period, 
all  subjects  were  tested  again  (Trial  2)  on  all  eleven  variables.  The  Trial  2 
scores  then  served  as  the  final  scores  for  the  control  period  as  well  as  for 
the  initial  scores  for  the  experimental  period.  For  the  next  six  weeks,  the 
subjects  participated  in  a  daily  isometric  training  programme.  Final  tests 
(Trial  3)  were  given  at  the  end  of  this  period. 

The  null  hypothesis  was  then  stated;  Hs  X]_  =  X2=X^=X0  This  hypo¬ 
thesis  assumes  that  there  is  no  true  difference  between  population  means,  and 
that  any  difference  found  between  sample  means  is  accidental  and  unimportant. 
All  data  for  each  of  the  eleven  variables  were  then  subjected  to  analysis  of 
variance  to  determine  if  the  null  hypothesis  should  be  accepted  or  rejected. 

If  the  resulting  F  ratio  were  found  to  be  significant,  the  null  hypothesis 
must  be  rejected  and  further  testing  must  be  done  in  order  to  find  which  mean 
difference  is  significant.  Duncan* s  New  Multiple  Range  Test  was  used  to 
determine  if  the  changes  occurred  during  the  control  period,  during  the  ex¬ 
perimental  period  or  during  the  entire  experiment.  The  analysis  of  variance 
also  indicates  if  some  subjects  have  made  significant  changes  during  the 
experiment. 

On  Trial  1,  the  mean  weight  was  125.31  pounds  (  range  92.75  to 
156.50  pounds).  The  mean  waist  girth  was  25.14  inches  (  range  22.25  to 
28.36  inches)  and  the  mean  hip  girth  was  found  to  be  36.53  inches  (range 
32.31  to  39«63  inches).  The  mean  abdominal  skinfold  measurement  was  10. 56 
millimetres  (  range  6.3  to  25.2  millimetres)  and  the  mean  number  of  sit-ups 
performed  was  26.75  (  range  7  to  46  sit-ups). 

The  mean  thigh  girth  was  20.97  inches  (  range  17*75  to  23*50  inches), 
while  the  mean  rear  thigh  skinfold  was  28.3  millimetres  (  range  20.1  to  36.1 
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millimetres)  and  the  mean  quadriceps  strength  was  155*91  pounds  (  range  90  to 
210  pounds). 

The  mean  forearm  girth  was  8.94  inches  (  range  7.63  to  10.0  inches) 
with  a  mean  forearm  skinfold  measurement  of  7*6  millimetres  (4*0  to  13.0 
millimetres).  The  mean  grip  strength,  for  the  right  hand,  was  68.6  pounds 
(  range  52  to  83  pounds). 

Following  the  six  week  control  period,  Trial  2  measurements  were 
taken.  It  was  found  that  mean  weight  had  increased  0.05  pounds,  mean  waist 
girth  had  decreased  0.01  inches,  while  mean  hip  girth  had  increased  0.175 
inches,  mean  abdominal  skinfold  had  increased  0*72  millimetres  and  the  mean 
number  of  sit-ups  performed  decreased  1.14.  None  of  these  changes  was  found 
to  be  statistically  significant  when  the  data  was  subjected  to  analysis  of 
variance. 

It  was  found  that  mean  thigh  girth  had  increased  O.36  inches 
(Table  XII).  Analysis  of  variance  and  Duncan’s  New  Multiple  Range  Test 
showed  this  increase  to  be  significant  at  the  .01  level  of  confidence 
(Table  XIII).  Mean  rear  thigh  skinfold  increased  O.63  millimetres  follow¬ 
ing  the  control  period  and  the  mean  quadriceps  strength  score  had  increased 
11.15  pounds. 

Mean  forearm  girth  increased  0.17  inches  and  mean  forearm  skinfold 
increased  0.20  millimetres  during  the  control  period.  The  mean  grip  strength 
score  had  decreased  0.50  pounds. 

During  the  next  six  weeks,  the  subjects  participated  in  a  daily  iso¬ 
metric  training  programme  in  which  they  performed  isometric  contractions  of 
the  muscles  of  the  abdominal,  gluteal  and  thigh  regions  and  of  the  muscles  of 
of  the  right  hand  and  forearm.  Following  this  period,  Trial  3  tests  were 
given. 

All  scores  from  the  three  trials  were  subjected  to  analysis  of 


. 


45 


variance.  The  variance  ratio  or  F  ratio  obtained  for  trial  differences 
(  df]_  equal  to  2  and  df2  equal  to  64)  had  to  fall  beyond  3 .15  at  the  .05 
level  of  confidence  and  beyond  4*98  at  the  .01  level  of  confidence,  in  order 
to  justify  rejection  of  the  mull  hypothesis.  If  the  F  ratio  was  found  to  be 
statistically  significant  and  the  null  hypothesis  was  rejected,  the  differences 
between  the  means  were  subjected  to  Duncan’s  New  Multiple  Range  Test,  at  the 
.05  and  .01  levels  of  confidence,  in  order  to  determine  which  of  the  three 
mean  changes  (  X-p  X2  ^2“  X^  or  X-j-  X^)  was  the  statistically  significant 

1 

mean  change. 

The  F  ratio  for  sub.iect  differences  (  dfq  equal  to  32  and  df2  equal 
to  64)  had  to  fall  beyond  1.65  at  the  .05  level  of  confidence  and  2.03  at  the 
.01  level  of  confidence  in  order  to  be  statistically  significant.  A  statis¬ 
tically  significant  F  for  subject  differences  indicates  that  some  subjects 
changed  significantly  more  than  others  during  the  course  of  the  experiment. 

It  was  found  that  mean  weight  had  increased  0.42  pounds  following 
the  experimental  period.  The  F  ratio  obtained  for  trial  differences  was  0.4573, 
which  was  not  statistically  significant,  although  the  F  ratio  for  subject  dif¬ 
ferences  was  statistically  significant  at  the  .01  level  of  confidence.  This 
indicated  that,  while  no  overall  changes  had  occurred,  some  subjects  had 
changed  consistently  more  than  others.  A  summary  of  this  data  may  be  seen  in 
Tables  II  and  III. 


TABLE  II 

CHANGES  IN  WEIGHT  MEASUREMENTS 


Group 

Initial  Mean 

Final  Mean 

M  diff 

Control 

125.31 

125.36 

0.05 

Experimental 

125.36 

125.78 

0.42 
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TABLE  III 

ANALYSIS  OF  VARIANCE  FOR  WEIGHT  MEASUREMENTS 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trials 

Among  subjects 

Interaction 

2 

32 

64 

4-429 

24,827.698 

309.905 

2.2145 

775.8655 

4.8422 

^trials  0.4573 

^ subjects  160.23  ** 

Jfttaj, 

25. 142». 032 

Statistically  significant  at  the  .01  level  of  confidence. 


Mean  waist  girth  decreased  0.27  inches  following  the  experimental 
period.  The  F  ratio  for  trial  differences  was  not  statistically  significant, 
indicating  that  the  null  hypothesis  must  not  be  rejected.  The  F  ratio  for 
subject  differences  was  found  to  be  statistically  significant  at  the  .01 
level  of  confidence.  The  changes  in  waist  girth  may  be  seen  in  Table  IV  and 
the  analysis  of  variance  data  in  Table  V. 


TABLE  IV 

CHANGES  IN  WAIST  GIRTH 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

25.14 

25.13 

-0.01 

Experimental 

25.13 

24.86 

-0.27 
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TABLE  V 

ANALYSIS  OF  VARIANCE  FOR  WAIST  GIRTH 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trials 

2 

1.616 

0.808 

^trials 

2.95 

Among  subjects 

32 

289.336 

0.0417 

^ subjects 

33.00 

Interaction 

64 

17.545 

0.2741 

Total 

2& 

308.497 

Statistically  significant  at  the  .01  level  of  confidence. 


Following  the  experimental  period,  mean  hip  girth  decreased  0.06 
inches.  The  non- significant  F  ratio  for  trial  differences  obtained  by- 
analysis  of  variance  indicated  that  none  of  the  mean  changes  in  hip  girth  was 
statistically  .significant, alt hough  a  statistically  significant  F  ratio  for 
subject  differences  was  found.  A  summary  of  changes  in  hip  girth  may  be  seen 
in  Table  VI  and  Table  VII. 


TABLE  VI 

CHANGES  IN  HIP  GIRTH 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

36.525 

36.70 

0.175 

Experimental 

36.70 

36.64 

-0.06 

us 

TABLE  VII 

ANALYSIS  OF  VARIANCE  FOR  HIP  GIRTH 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trials 

2 

. 53344 

0.26672 

^trials 

1.41 

Among  subjects 

32 

288.986 

0.031 

F subjects 

47.7  * 

Interaction 

64 

12.13 

0.189 

Total 

-2S.  - 

301.64944 

Statistically  significant  at  the  .01  level  of  confidence. 

Following  the  six  week  isometric  training  period,  it  was  found  that 


mean  abdominal  skinfold  had  increased  0.27  millimetres  as  may  be  seen  in  Table 
VIII.  Following  analysis  of  variance,  an  F  ratio  of  3*91,  which  was  statistic¬ 
ally  significant  at  the  .05  level  of  confidence,  was  obtained  (Table  IX).  Upon 
application  of  Duncan *s  New  Multiple  Range  Test,  it  was  found  that  the  mean 
increase  which  had  occurred  during  the  control  period  was  not  statistically 
significant,  nor  was  the  mean  increase  in  abdominal  skinfold  during  the  ex¬ 
perimental  period.  However,  the  mean  increase  that  had  taken  place  during  the 
entire  twelve  weeks  of  the  experiment  was  found  to  be  statistically  signifi¬ 
cant  at  the  .05  level  of  confidence.  The  F  ratio  for  individual  differences 
was  again  statistically  significant  at  the  .01  level  of  confidence. 


TABLE  VIII 

CHANGES  IN  ABDOMINAL  SKINFOLD 


Grout) 

Initial  Mean 

Final  Mean 

Mean  Diff 

df 

Shortest  Significant 
Range 

Control 

10.56 

11.28 

0.72 

Experimental 

11.28 

11.55 

0.27 

xi  -  x2 

0.99 

64 

0.7678  * 

*  Statistically  significant  at  the  .05  level  of  confidence. 
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TABLE  IX 

ANALYSIS  OF  VARIANCE  FOR  ABDOMINAL  SKINFOLD 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trial 

Among  subjects 

Interaction 

2 

32 

64 

17.15535 

2253.65 

140.5712 

8.57765 

70.4265 

2,1964 

Ftrials  3-91  * 

Fsubjects  35*0 

Total 

2iL. 

2/01.37655 

*  Statistically  significant  at  the  .05  level  of  confidence. 
**  Statistically  significant  at  the  .01  level  of  confidence. 


Following  the  experimental  period,  the  mean  number  of  sit-ups  per¬ 
formed  in  two  minutes  had  increased  3.3  (Table  X).  The  F  ratio  obtained  for 
trial  differences  (4*33)  was  statistically  significant  at  the  .05  level  of 
confidence  (Table  XI).  By  use  of  Duncan’s  New  Multiple  Range  Test,  it  was 
found  that  the  mean  increase  of  3*3  sit-ups  following  the  period  of  isometric 
training  exceeded  the  shortest  significant  range  at  the  .01  level  of  confidence 
(3*16).  The  F  ratio  for  subject  differences  was  found  to  be  statistically 
significant  at  the  .01  level  of  confidence.  Examination  of  Figure  XII  will 
indicate  the  number  of  subjects  who  increased  their  ability  to  perform  sit-ups. 
It  was  noted,  following  the  six  week  control  period,  that  seventeen  of  the 
thirty- three  subjects  decreased  their  scores,  twelve  subjects  increased  their 
scores  and  four  subjects  maintained  the  same  score.  Following  the  six  week 
isometric  training  period,  twenty-four  subjects  increased  the  number  of  sit- 
ups  performed,  six  subjects  decreased  in  their  performance  and  three  subjects 
remained  the  same.  The  increases  ranged  from  one  to  thirteen  sit-ups. 
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TABLE  X 

CHANGES  IN  THE  NUMBER  OF  SIT-UPS  PERFORMED 

IN  TWO  MINUTES 


Group 

Initial  Mean 

Final  Mean 

Mean  Diff 

df 

Shortest  Signif¬ 
icant  Range 

Control 

26.75 

25.61 

-1.14 

Experimental 

25.61 

28.91 

3.3 

64 

3.16  ** 

Statistically  significant  at  the  .01  level  of  confidence. 


TABLE  XI 

ANALYSIS  OF  VARIANCE  FOR  THE  NUMBER  OF  SIT-UPS  PERFORMED 

IN  TWO  MINUTES 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trial 

Among  subjects 

Interaction 

2 

32 

64 

185. 151 

7223.55 

1371. 51B 

92.776 

225.736 

21.4299 

Ftrials  4.33  * 

^subjects  2.43  ** 

Total 

28 

8780. 182 

*  Statistically  significant  at  the  .05  level  of  confidence. 

**  Statistically  significant  at  the  .01  level  of  confidence. 

Thigh  girth  measurements  showed  a  mean  decrease  of  0.18  inches,  as 
may  be  seen  in  Table  XII.  Although  an  F  ratio  statistically  significant  at 
the  .01  level  of  confidence  was  found,  use  of  Duncan’s  New  Multiple  Range 
Test  showed  that  the  statistically  significant  change  had  taken  place  during 
the  control  period  with  a  mean  increase  of  0.36  inches  (Table  XIII).  The 
mean  decrease  of  0.18  following  the  experimental  period  was  not  statistic¬ 
ally  significant.  The  obtained  F  ratio  for  subject  differences  was  statistic¬ 
ally  significant  at  the  .01  level  of  confidence. 


52 


TABLE  XII 

CHANGES  IN  THIGH  GIRTH 


Group 

Initial  Mean 

Final  Mean 

Mean  Diff 

df 

Shortest  Significant 
Range 

Control 

20.92 

21.280 

O.36 

64 

0.2471  ** 

Experimental 

21.28 

21.1025 

-0.18 

##■  Statistically  significant  at  the  .01  level  of  confidence. 


TABLE  XIII 

ANALYSIS  OF  VARIANCE  FOR  THIGH  GIRTH 


Source  of  Variation 

df 

Sum  of  Squares 

Variance 

F 

Between  trials 

2 

2.18 

1.09 

^trials 

8.4  ** 

Among  subjects 

32 

201.25 

6.29 

^subjects 

48.4  ** 

Interaction 

64 

8.49 

0.13 

Total 

211,92 

Statistically  significant  at  the  .01  level  of  confidence. 


Mean  rear  thigh  skinfold  measurement  increased  0.31  millimetres,  as 
may  be  seen  from  Table  XIV.  Analysis  of  variance  produced  an  F  ratio  of  1.76 
for  trial  differences,  which  was  not  statistically  significant,  although  the 
F  ratio  for  individual  subject  differences  was  significant  (Table  XV). 
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TABLE  XIV 

CHANGE  IN  REAR  THIGH  SKINFOLD 


Groun 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

28.3 

28.93 

0.63 

Experimental 

28.93 

29. 35 

0.42 

TABLE  XV 

ANALYSIS  OF  VARIANCE  FOR  REAR  THIGH  SKINFOLD 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

.F 

Between  trials 

Among  subjects 

Interaction 

2 

32 

64 

18.5697 

1542.937 

337 . 6103 

9.2848 

48.2167 

5,2751 

^trials  1.76 

F subjects  9.14 

Total 

1899.1170 

Statistically  significant  at  the  .01  level  of  confidence. 


Quadriceps  strength  showed  a  mean  decrease  of  10.82  pounds  follow¬ 
ing  the  experimental  period  (Table  XVI).  The  F  ratio  of  3*02  for  trial  dif¬ 
ferences  fell  just  short  of  statistical  significance  at  the  .05  level 
(Table  XVIII ).  The  F  ratio  for  subject  differences  was  statistically  signif¬ 
icant.  Although  the  F  ratio  for  trial  differences  was  non- significant,  in¬ 
dicating  that  the  mean  increase  during  the  control  period  and  the  mean  de¬ 
crease  during  the  experimental  period  were  not  statistically  significant, 
examination  of  Figure  XIII  shows  individual  changes  in  quadriceps  strength. 
Following  the  control  period,  nineteen  of  the  thirty-three  subjects  increased 
their  quadriceps  strength  scores,  thirteen  decreased  their  scores  and  one 
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subject  maintained  the  same  score*  Following  the  experimental  period, 
twenty-four  subjects  decreased  their  scores,  while  nine  subjects  increased 
in  quadriceps  strength. 


TABLE  XVI 

CHANGES  IN  QUADRICEPS  STRENGTH 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

155.91 

167.06 

11.15 

Experimental 

167.06 

156.24 

-10.82 

TABLE  XVII 

ANALYSIS  OF  VARIANCE  FOR  QUADRICEPS  STRENGTH 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trials 

2 

2,656.533 

1,328.2665 

^ trials  3*02 

Among  subjects 

32 

96,668.53 

3,020.8915 

F subjects  6.87 

Interaction 

64 

28,140.137 

439.6896 

Total 

127.465.200 

Statistically  significant  at  the  .01  level  of  confidence. 


Following  the  experimental  period,  there  was  a  mean  decrease  in 
forearm  girth  of  0.02  inches.  The  F  ratio  of  2.46  for  trial  differences 
was  non-significant,  indicating  that  none  of  the  mean  changes  in  this  girth 
measurement  was  statistically  significant.  The  F  ratio  for  subject  differ¬ 
ences  was  statistically  significant.  A  summary  of  the  values  and  statistics 
for  this  measurement  may  be  found  in  Tables  XVIII  and  XIX. 
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TABLE  XVIII 

CHANGES  IN  FOREARM  GIRTH 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

8.94 

9.01 

0.07 

Experimental 

9.01 

8.99 

-0.02 

TABLE  XIX 

ANALYSIS  OF  VARIANCE  FOR  FOREARM  GIRTH 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

F 

Between  trials 

2 

.0811 

.04055 

^trials  2.46 

Among  subjects 

32 

33.669 

1.0521 

F subjects  63.76  ■> 

Interaction 

64 

1.061 

.0165 

Total 

98 

Statistically  significant  at  the  .01  level  of  confidence. 


Lean  forearm  skinfold  showed  a  decrease  of  0.3  millimetres  follow¬ 
ing  the  experimental  period  (Table  XX).  The  F  ratio  of  1.35  for  trial  dif¬ 
ferences  was  not  statistically  significant,  while  the  F  ratio  for  individual 
differences  was  statistically  significant  (Table  XXI ). 


TABLE  XX 

CHANGES  IN  FOREARM  SKINFOLD 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

Control 

7.6 

7.8 

0.2 

Experimental 

7.8 

7.5 

-0.3 

■■■■■■■■I 

' 
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table  XXI 

ANALYSIS  OF  VARIANCE  FOR  FOREARM  SKINFOLD 


Source  of  Variation 

df 

Sum  of  Squares 

Variance 

F 

Between  trials 

2 

1.557 

0.7785 

^trials 

1.35 

Among  subjects 

32 

365.53 

11.4228 

^subjects 

19.78 

Interaction 

64 

36.96% 

0.5776 

Total 

-28 

404.0564 

**  Statistically  significant  at  the  .01  level  of  confidence. 


Grip  strength  showed  a  mean  increase  of  1.89  pounds  following  the 
six  week  isometric  training  period  (Table  XXII).  The  F  ratio  of  3*6  for 
trial  differences  was  statistically  significant  at  the  .05  level  of  confidence. 
By  use  of  Duncan’s  New  Multiple  Range  Test,  it  was  found  that  the  mean  in¬ 
crease  of  1.89  pounds  following  the  experimental  period  was  statistically 
significant  at  the  .05  level  of  confidence,  just  exceeding  the  shortest 
significant  range  value  of  1.886  (Table  XXIII ).  The  overall  mean  increase 
from  Trial  1  to  Trial  3  was  also  statistically  significant  at  the  .05  level 
of  confidence,  exceeding  the  shortest  significant  range  of  1.99  for  3  means. 

The  F  ratio  obtained  for  subject  differences  was  statistically  significant 
at  the  .01  level  of  confidence.  From  examination  of  Figure  XIV,  it  may  be 
seen  that,  following  the  six  week  control  period,  fourteen  of  the  thirty- 
three  subjects  increased  their  grip  strength  scores,  while  fourteen  subjects 
showed  a  decrease  in  this  measurement  and  five  subjects  maintained  the  same 
score.  Following  the  six  week  isometric  training  period,  nineteen  subjects 
increased  their  scores,  while  eight  subjects  decreased  and  six  subjects  kept 
the  same  score.  The  increases  ranged  from  one  to  fourteen  pounds. 
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TABLE  XXII 

CHANGES  IN  GRIP  STRENGTH 


Group 

Initial  Mean 

Final  Mean 

M  Diff 

df 

Shortest  Significant 
Ranges 

Control 

68.6 

69.1 

0.5 

Experimental 

69.1 

70.99 

1.89 

64 

1.886  #* 

*1  -  *2 

2.39 

1.99  ** 

Statistically  significant  at  the  *01  level  of  confidence. 


TABLE  XXIII 

ANALYSIS  OF  VARIANCE  OF  GRIP  STRENGTH 


Source  of  Variation 

df 

Sum  of  Sauares 

Variance 

.  F 

Between  trials 

2 

105.9 

52.95 

^trials  3*6  * 

Among  subjects 

32 

8,103.78 

253.95 

^subj  e  c  t  s  17.23  ** 

Interaction 

64 

940.77 

14.70 

Total 

98 

2050 .J& 

*  Statistically  significant  at  the  .05  level  of  confidence. 

**  Statistically  significant  at  the  .01  level  of  confidence. 

Discussion 

The  level  of  relationship  indicated  by  a  correlation  coefficient 
depends  upon  several  factors:  the  absolute  size  of  the  coefficient;  the 
purpose  for  which  the  r  was  calculated;  how  the  obtained  r  compares  with  the 
rfs  generally  found  for  the  variables  studied;  and,  the  variability  of  the 
scores. 

Garrett  (1:176)  states  that  the  following  rules  will  act  as  a  guide 
in  the  interpretation  of  r. 
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r  from  .00  to  -  .20  very  low  or  negligible 

r  from  -.20  to  ^  .1+0  low;  present  but  slight 

r  from  -.40  to  -  .70  substantial  or  marked 

r  from  £.70  to  -  1.00  high  to  very  high 

Mathews  (2:24)  states  that  an  r  of  0.90  to  0.99  indicates  excellent 
agreement  between  the  variables,  whereas  an  r  of  0.80  to  0.89  is  considered 
fair.  Reliability  coefficients  of  0.70  to  0.79  are  considered  poor  to  fair 
and  those  from  0.60  to  0.69  are  considered  poor.  Larson  and  Yocom  (3:163) 
state:  "The  standard  of  acceptable  reliability  is  0.90  or  above  for '.individual 
use,  and  0.75  or  above  for  group  application." 

All  reliability  coefficients  calculated  in  the  present  study  were 
applied  to  groups  and  were  compared  to  values  obtained  by  other  researchers. 

For  the  weight  and  girth  variables,  the  test-retest  reliability 
coefficients,  as  determined  by  the  Pearson  Product-Moment  method,  were  found 
to  be  high.  For  weight,  the  reliability  was  0.996,  while  for  girth  measure¬ 
ments,  the  mean  reliability  was  0.96. 

For  the  skinfold  measurements,  the  mean  test-retest  reliability  was 
0.91  which  is  lower  than  those  of  0.98,  0.97  and  0.94  -  0.99  reported  by 
other  researchers  (4,  5,  6).  Although  reliability  coefficients  of  O.96  for 
measurements  of  abdominal  skinfold  and  0.92  for  forearm  skinfold  were  found, 
the  reliability  of  the  rear  thigh  skinfold  measurement  was  O.85.  This  re¬ 
latively  low  coefficient  of  reliability,  as  compared  to  those  values  reported 
by  other  researchers,  may  be  due  to  the  difficulty  in  isolating  the  skin  and 
fat,  at  this  particular  site,  from  the  underlying  muscle.  This  problem  in 
isolating  the  skinfold  may  have  been  accentuated,  in  this  case,  by  the  fact 
that  the  subjects  were  relatively  inactive  young  women  whose  rear  thigh 
muscles  were  not  firm,  and  therefore  it  may  have  been  difficult  for  the  tester 
to  differentiate  between  skin  and  fat,  and  muscle  on  some  subjects. 

The  test-retest  reliability  coefficient  for  the  measurement  of 
quadriceps  strength  was  found  to  be  0.81,  which  is  a  lower  value  than  the  r 
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of  0.94  reported  by  Clarke  (7^136)  for  this  test,  Beasley  (8)  had  stated 
that  a  reliability  of  less  than  0,8  would  indicate  that  the  test  was  un¬ 
reliable  and  that  0,95  was  satisfactory.  The  relatively  low  reliability 
found  in  the  present  study  may  have  been  due  to  changes  within  the  measuring 
instrument  itself  or  faulty  measuring  technique  by  the  testor,  or  may  have 
been  the  result  of  learning  (although  practice  trials  had  been  given  on  two 
previous  occasions),  or  may  have  resulted  from  the  desire  on  the  part  of  some 
subjects  to  avoid  possible  muscle  soreness  following  the  exertion,  while  other 
subjects  desired  to  increase  their  test  scores.  It  is  interesting  to  note 
that,  in  the  work  done  by  Beasley  (8),  none  of  his  1364  subjects  of  both 
sexes  and  all  ages  were  young  women  in  the  age  range  from  seventeen  to  twenty 
years.  It  has  been  observed  that  many  girls  of  this  age,  who  have  experienced 
muscle  stiffness  or  soreness  following  exertion,  will  not  put  forth  a  maximum 
effort  on  further  trials. 

The  reliability  coefficient  for  the  grip  strength  measurement  was 
very  low  at  0.69.  Clarke  (7),  had  previously  reported  a  reliability  for 
palmar  flexion,  on  the  cable-tension  strength  tests,  of  0.93>  and  Bowers  (9) 
had  found  a  reliability  of  0.94  using  a  cable  tensiometer  in  a  hand  grip  ap¬ 
paratus  identical  to  that  used  in  this  study.  The  relatively  low  reliability 
found  in  the  present  study  may  have  been  the  result  of  the  same  reasons  as 
mentioned  for  the  reliability  of  quadriceps  strength. 

Muscular  endurance  was  measured  by  the  number  of  sit-ups  that  could 
be  performed  by  the  subject  in  two  minutes.  The  reliability  coefficient  was 
found  to  be  0.68.  Larson  and  Yocom  (3)  had  previously  reported  that  sit-ups 
as  a  test  of  muscular  endurance  show  only  moderate  reliability  (0.8  to  0.9). 
The  motivation  of  the  individual  greatly  affects  the  number  of  sit-ups  that 
can  be  performed  and  girls  especially  may  wish  to  avoid  any  possible  muscular 
discomfort  following  exertion  of  this  type.  The  relatively  low  r  may  also  be 
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attributed  to  muscular  stiffness  on  the  retest,  which  took  place  only  four 
days  after  the  first  test. 

During  the  control  period,  the  mean  weight  of  the  subjects  in¬ 
creased  0.05  pounds,  and  following  the  six  week  experimental  period,  there 
was  a  mean  weight  increase  of  0.42  pounds.  Neither  of  these  increases  was 
found  to  be  statistically  significant  (  ^trials  =  O.46). 

Mean  waist  girth  decreased  0.01  inches  during  the  control  period 
and  0.27  inches  during  the  experimental  period.  The  F  ratio  of  2.95  for 
trial  differences  was  not  statistically  significant,  indicating  that  no 
statistically  significant  decreases  in  waist  girth  had  taken  place.  It  must 
be  noted  here  that  Day  (10)  had  reported  a  mean  decrease  of  1.24  inches  in 
the  waistlines  of  college  women  following  six  weeks  of  isometric  training, 
using  the  same  isometric  exercise  for  abdominal,  gluteal  and  thigh  muscles 
as  used  in  this  experiment.  Day  (10)  found  that  the  mean  waist  girth  decrease 
was  statistically  significant  at  the  .01  level  of  confidence  and  suggested 
that  hip  girth,  although  not  measured,  had  decreased  as  well.  In  the  present 
study,  the  mean  decrease  in  hip  girth  was  0.06  inches,  which  was  not  statis¬ 
tically  significant,  nor  were  the  mean  decreases  of  0.18  inches  in  thigh  girth 
or  0.02  inches  in  forearm  girth.  It  is  possible  that  the  subjects  used  by 
Day  may  have  been  more  trainable.  Mathews  and  Kruse  (11)  have  pointed  out 
that  strength  changes  appear  to  be  dependent  upon  individual  differences. 

Although  no  statistically  significant  changes  in  girth  took  place 
following  six  weeks  of  isometric  contractions,  all  thirty- three  subjects  made 
the  subjective  observation  that  the  abdominal,  gluteal  and  thigh  muscles  were 
firmer  and  that  the  abdominal  wall  was  "flatter”.  This  "flattening”  may  have 
been  the  result  of  learning  to  hold  the  abdominal  muscles  in  a  partial  state 
of  contraction  or  may  have  been  due  to  increased  strength  in  the  abdominal 


muscles. 


.  . 
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Following  analysis  of  variance  and  Duncan’s  New  Multiple  Range 
Test  upon  the  data  for  thigh  girth,  it  was  found  that  the  mean  increase  in 
thigh  girth  of  0.37  inches,  following  the  control  period,  was  statistically 
significant  at  the  .01  level  of  confidence.  Such  an  increase  may  be  attrib¬ 
uted  to  the  fact  that  the  six  week  control  period  included  the  three  week 
Christmas  vacation,  as  well  as  the  mid-term  study  and  examination  period  of 
two  weeks.  At  this  time,  it  may  be  assumed  that  the  subjects  would  be  less 
active  than  usual.  With  this  inactivity,  it  might  be  expected  that  weight  and 
fat  deposits  would  increase.  It  has  been  noted  that,  with  an  increase  in 
weight,  women  tend  to  accumulate  fat  in  the  hip,  thigh  and  abdominal  regions 
(12).  However,  examination  of  the  data  revealed  that,  while  thigh  girth  in¬ 
creased  significantly  during  the  control  period,  there  were  no  corresponding 
increases  in  weight  or  in  thigh  skinfold  measurement.  These  results  may  have 
been  partially  due  to  the  measuring  techniques  that  were  employed.  Thigh 
girth  was  measured  just  below  the  gluteal  fold  around  the  medial  bulge,  as 
suggested  in  the  outline  for  anthropometric  techniques  published  by  the 
Iowa  Child  Welfare  Research  Station  (13),  while  rear  thigh  skinfold  was  taken, 
with  the  foot  raised  and  the  knee  flexed,  at  a  point  on  the  back  of  the  thigh 
midway  between  the  knee  and  the  gluteal  fold,  as  suggested  by  Cureton  (14) 
and  Yuhasz  (15) •  It  is  felt  that  more  meaningful  results  may  have  been  ob¬ 
tained  if  the  thigh  skinfold  measurement  had  been  taken  at  the  same  site 
where  thigh  girth  was  measured.  With  the  foot  raised  and  the  knee  flexed,  it 
is  a  relatively  simple  matter  to  pick  up  a  skinfold,  isolated  from  the  under¬ 
lying  tissue,  on  the  antero-medial  aspect  of  the  thigh  adjacent  and  anterior 
to  the  medial  bulge  and  in  a  plane  parallel  to  the  long  axis  of  the  thigh. 

If  such  a  procedure  were  followed,  it  would  be  possible  to  deter¬ 
mine  if  thigh  girth  changes  were  associated  with  changes  in  thigh  skinfold. 
Weight  did  not  increase  significantly  during  this  period,  but,  nevertheless. 
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it  is  felt  that  the  statistically  significant  increase  in  thigh  girth  was  the 
result  of  the  accumulation  of  fat  in  this  area  because  of  the  relative  inac¬ 
tivity  of  the  subjects  at  that  time. 

Although  non-significant  F  ratios  for  trial  differences  were  ob¬ 
tained  for  the  forearm  and  rear  thigh  skinfold  measurements,  the  F  ratio  for 
the  abdominal  skinfold  data  was  statistically  significant  at  the  .05  level 
of  confidence.  Further  treatment  of  the  data  by  use  of  Duncan’s  New  Multiple 
Range  Test  indicated  that  the  statistically  significant  change  (  at  the  .05 
level  of  confidence)  had  been  a  mean  increase  of  0.99  millimetres  from  Trial 
1  to  Trial  3,  during  the  entire  twelve  weeks  of  the  experiment.  As  Bullen  and 
Hardy  (12)  have  noted  that  this  is  an  area  in  which  fat  tends  to  accumulate, 
it  is  assumed  that  the  increased  mean  skinfold  measurement  at  this  site  is 
the  result  of  increased  fat  deposits  in  this  area,  although  weight  and  waist 
girth  showed  no  statistically  significant  changes.  The  relative  inactivity 
of  the  subjects  during  the  twelve  week  period  may  be  the  reason  for  the  in¬ 
crease  in  fat  deposits. 

Other  researchers  (11,  16,  17,  18,  19,  20,  21,  22,  23)  have  found 
statistically  significant  increases  in  muscular  strength  following  isometric 
training.  The  results  of  the  present  study  showed  no  statistically  signifi¬ 
cant  change  in  the  strength  of  quadriceps  muscles  (F  =.  3»02),  but  showed  a 
mean  increase  of  1.89  pounds  in  grip  strength,  statistically  significant  at 
the  .05  level  of  confidence  (F  =  3*6). 

The  lack  of  statistically  significant  change  with  regard  to  quad¬ 
riceps  strength  is  in  accordance  with  the  findings  in  other  studies  (24,  25, 
26,  27).  However,  during  the  six  week  control  period,  there  was  a  mean  in¬ 
crease  in  quadriceps  strength  of  11.15  pounds,  and  during  the  six  week  exper¬ 
imental  period,  there  was  a  mean  decrease  of  10.82  pounds.  Examination  of 
Figure  XIII  reveals  that,  during  the  control  period,  19  of  the  thirty-three 
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subjects  increased  their  scores,  while  13  decreased  and  one  maintained  the 
same  score.  During  the  experimental  period,  24  subjects  decreased  their 
scores,  while  only  9  showed  any  increase. 

The  apparent,  although  not  statistically  significant  mean  increase 
during  the  control  period  and  mean  decrease  during  the  experimental  period 
may  be  partially  explained  by  the  fact  that  all  the  subjects,  in  their  re¬ 
quired  physical  education  classes,  had  been  given  six  weeks  of  twice-weekly 
instruction  in  creative  dance  and  four  weeks  of  twice-weekly  instruction  in 
badminton,  prior  to  the  beginning  of  the  control  period.  It  is  possible  that 
the  strenuous  activity  in  the  dance  classes  may  have  caused  the  quadriceps 
muscles  to  develop  an  unusually  high  degree  of  strength  and  that  participation 
in  badminton  maintained  this  level.  The  slight  increase  in  mean  quadriceps 
strength  during  the  control  period  may  have  been  due  to  the  practice  effect 
of  using  the  measuring  apparatus  and  the  subsequent  decrease  during  the 
experimental  period  may  have  taken  place  because  the  prescribed  isometric 
exercise  did  not  present  a  training  stimulus  of  sufficient  intensity  to  main¬ 
tain  the  strength  level  acquired  in  the  dance  classes.  This  explanation  is 
borne  out  when  the  force/body  weight  ratio  of  these  girls  at  the  beginning  of 
the  control  period  is  compared  to  the  mean  force/body  weight  ratio  found  by 
Beasley  (8)  when  he  examined  1364  normal  individuals.  The  ratio  found  by 
Beasley  was  0.979#  while  for  these  thirty-three  girls,  the  ratio  was  1.23, 
indicating  a  relatively  high  level  of  quadriceps  strength. 

Another  explanation  for  these  results,  which  are  in  discrepancy 
with  the  increases  found  by  other  researchers,  may  be  that,  while  the  strength 
of  knee  extension  was  measured  using  Clarke fs  cable-tension  strength  test  for 
quadriceps  where  the  subject  is  seated  and  attempts  to  straighten  the  knee 
against  a  resistance,  the  isometric  training  took  place  with  a  contraction  in 
the  erect  standing  position.  Morehouse  (28)  has  noted  that  strength  training 
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tends  to  be  specific.  It  is  recommended  that  subjects  be  trained  by  attempt¬ 
ing  to  extend  the  knee  against  a  resistance,  as  in  the  test  for  quadriceps 
strength.  Hansen  (29)  found  that  isometric  training  increased  the  capacity  of 
young  female  subjects  to  perform  the  specified  isometric  task,  but  did  not  in¬ 
crease  their  maximum  isometric  strength. 

Mean  grip  strength  increased  0.5  pounds  during  the  control  period 
and  1.89  pounds  during  the  experimental  period.  An  F  ratio  of  3*6  for  trial 
differences  indicated  that  a  statistically  significant  change  had  occurred 
and  use  of  Duncants  New  Multiple  Range  Test  showed  that  an  increase  in  grip 
strength,  statistically  significant  at  the  .05  level  of  confidence,  had 
taken  place  following  six  weeks  of  isometric  training.  The  training  con¬ 
traction  took  place  with  the  hand  in  the  same  position  as  when  tested  with 
the  cable  tensiometer.  The  overall  mean  grip  strength  for  the  thirty-three 
subjects  on  all  three  trials  was  slightly  lower  than  the  grip  strength  mean 
of  77*0  pounds  reported  by  Fisher  et  al.  (30)  for  96  female  workers. 

Examination  of  Figure  XIV  shows  that,  during  the  control  period, 
the  distribution  of  individual  changes  was  relatively  homogeneous.  Fourteen 
of  the  thirty-three  subjects  increased  their  scores,  14  subjects  decreased 
their  scores  and  5  subjects  maintained  the  same  score.  Following  the  exper¬ 
imental  period,  19  subjects  increased  their  grip  strength  scores  from  one 
to  fourteen  pounds,  while  8  subjects  decreased  and  six  maintained  the  same 
score. 

Statistically  significant  increases  in  muscular  endurance  follow¬ 
ing  isometric  training  have  been  reported  recently  (31,  32,  33,  34,  35,  36, 

37 )•  In  the  present  study,  muscular  endurance  of  the  abdominal  muscles  was 
measured  by  the  total  number  of  sit-ups  that  could  be  performed  in  two 
minutes.  Following  the  control  period,  the  mean  number  of  sit-ups  performed 
had  decreased  1.14,  but  following  the  experimental  period,  there  was  a  mean 
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increase  of  3»3  sit-ups.  The  significant  F  ratio  for  trial  differences  (4«33) 
and  Duncan’s  New  Multiple  Range  Test  showed  that  the  mean  increase  of  3*3 
sit-ups  following  the  isometric  training  period  was  statistically  significant 
at  the  .01  level  of  confidence.  From  Figure  XII,  it  may  be  seen  that,  follow¬ 
ing  isometric  training,  24  of  the  thirty-three  subjects  increased  in  their 
ability  to  perform  repeated  sit-ups, while  only  six  subjects  decreased  (follow¬ 
ing  the  control  period,  seventeen  subjects  had  decreased  and  only  twelve  had 
increased  their  scores). 

The  F  ratio  for  subject  differences,  obtained  from  the  data  for  all 
eleven  variables,  was  statistically  significant  at  the  .01  level  of  confidence 
indicating  that,  in  all  cases,  some  subjects  were  consistently  better  or  worse 
than  others.  This  bears  out  the  observation  put  forth  by  Mathews  and  Kruse 
(11)  that  strength  gain  and  training  effects  are  dependent  upon  the  individual 
rather  than  upon  the  exercise  performed  or  the  frequency  of  exercise. 

Most  studies  which  have  shown  statistically  significant  increases 
in  strength  following  isometric  training  have  used  young  men  as  subjects. 
Hettinger  (36)  had  previously  pointed  out  that  women  are  less  trainable  than 
men.  It  was  also  noted,  in  the  present  study,  that  some  young  women  will  not 
put  forth  a  maximum  effort  during  testing  if  there  is  a  possibility  that 
muscle  stiffness  or  soreness  will  result,  while  other  subjects  will  exert 
a  maximal  effort  regardless  of  any  possible  consequences.  It  is  also  pos¬ 
sible  that  many  young  women  will  not  be  sufficiently  motivated  to  put  forth 
a  maximum  effort  during  isometric  training  or  testing.  Rasch  and  Morehouse 
(17)  have  noted  that  subjects  express  a  dislike  for  isometric  effort  and 
Darcus  and  Salter  (39)  have  observed  that  subjects  become  easily  bored  with 
isometric  work.  Ikai  and  Steinhaus  (40)  have  noted  that  maximum  isometric 
contractions  do  not  give  a  true  estimate  of  maximum  physiological  strength 
and  believe  that  the  expression  of  human  strength  is  generally  limited  by 
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psychologically  induced  inhibitions. 

As  a  result  of  these  statements  and  personal  observation,  the  writer 
feels  that  the  scores  obtained  by  the  subjects  in  this  study  on  strength  and 
endurance  measurements  may  not  be  indicative  of  actual  ability.  It  is,  there¬ 
fore,  recommended  that  similar  studies  be  undertaken  using  female  subjects  of 
different  ages  and  socio-economic  statuses.  It  is  felt,  for  example,  the 
girls  of  junior  high  school  age  and  older  girls,  who  are  more  competitive  and 
more  highly  trained  than  the  subjects  in  this  experiment,  will  be  less  hesi¬ 
tant  to  exert  a  maximal  effort  and  will  be  more  highly  motivated.  As  a  re¬ 
sult,  higher  reliability  coefficients  for  the  measurements  of  strength  and 
endurance  may  be  obtained,  as  well  as  more  marked  increases  in  the  strength 
and  endurance  scores. 

Hettinger  (36)  also  observed  that  lowest  trainability  occurred 
during  the  winter  months  of  January,  February  and  March.  The  present  study 
took  place  over  a  twelve  week  period  from  December  11,  1962  to  March  5,  1963, 
and  trainability  may  thus  have  been  influenced. 

If  further  similar  studies  are  undertaken  using  students  as  subjects, 
it  is  recommended  that  the  experiment  begin  at  the  commencement  of  the  fall 
term  before  the  subjects  have  participated  in  any  physical  education  activi¬ 
ties.  Such  a  schedule  would  attempt  to  eliminate  the  training  effects  of 
activities  such  as  creative  dance,  on  muscular  strength  or  endurance  of  the 
quadriceps  or  other  muscles.  This  schedule  would  usually  avoid  running  the 
experiment  into  the  winter  months,  at  which  time  Hettinger  states  that  train- 
ability  has  been  observed  to  be  less. 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 


Thirty-three  freshman  women  students  at  the  University  of  Alberta 
in  Edmonton,  participated  in  a  six  week  isometric  training  programme  follow¬ 
ing  a  six  week  control  period.  The  subjects  acted  as  their  own  controls. 

The  two  isometric  exercises  performed  during  the  training  period 

were: 


1.  Six  daily  six-second  contractions  of  the  muscles  of  the  abdom¬ 
inal,  gluteal  and  thigh  region,  with  the  subject  standing  erect.  Each  six- 
second  contraction  was  alternated  by  two  seconds  of  rest. 

2.  One  daily  six- second  contraction  of  the  muscles  of  the  right 
hand  and  forearm,  performed  by  clenching  the  fist  with  the  hand  supinated 
and  the  elbow  flexed  at  a  ninety  degree  angle  and  held  against  the  side  of 
the  body. 

Scores  were  obtained  by  the  subjects  on  eleven  variables  -  weight; 
waist,  hip,  right  thigh  and  right  forearm  girths,  as  measured  in  inches  with 
a  Martin  D.B.P.  Circummeter  steel  anthropometric  tape;  abdominal,  right  rear 
thigh  and  right  forearm  skinfolds,  as  measured  in  millimetres  with  a  Harpenden 
Skinfold  Caliper;  strength  of  the  quadriceps  muscles  of  the  right  leg,  using 
Clarke fs  cable-tension  strength  test  iV. -  the  quadriceps;  grip  strength  of  the 
right  hand,  using  a  cable  tensiometer  with  a  hand  grip  apparatus;  and  muscular 
endurance  of  the  abdominal  muscles,  as  measured  by  the  number  of  sit-ups  per¬ 
formed  in  two  minutes. 

The  Pearson  Product-Moment  formula  was  used  to  determine  the  test- 
retest  reliability  for  the  eleven  variables  measured.  The  scores  obtained  by 
the  subjects  on  the  retest  (Trial  1),  at  the  end  of  the  six  week  control 
period  (Trial  2)  and  following  the  six  week  experimental  period  (Trial  3), 
were  subjected  to  analysis  of  variance.  If  a  significant  F  ratio  resulted 
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for  trial  differences,  Duncan’s  New  Multiple  Range  Test  was  employed  to  dis¬ 
cover  between  which  trials  the  significant  mean  change  had  occurred.. 

Following  the  statistical  treatment,  the  following  observations 

were  made: 

1.  Throughout  the  experiment,  no  statistically  significant 
changes  occurred  in  weight,  in  girth  of  the  waist  or  hips  or  right  forearm, 
in  rear  thigh  or  right  forearm  skinfold,  or  in  the  strength  of  the  quadriceps 
muscles  of  the  right  leg. 

2.  Following  the  control  period,  right  thigh  girth  showed  a  mean 
increase  of  O.363  inches,  a  change  that  was  statistically  significant  at  the 
.01  level  of  confidence. 

3.  Throughout  the  entire  experiment  from  Trial  1  to  Trial  3> 
abdominal  skinfold  showed  a  mean  increase  of  0,99  millimetres,  a  change  which 
was  statistically  significant  at  the  .05  level  of  confidence. 

4*  Following  the  six  weeks  of  isometric  training,  the  grip  strength 
of  the  right  hand  showed  a  mean  increase  of  1.89  pounds,  which  was  statistic¬ 
ally  significant  at  the  .05  level  of  confidence.  Nineteen  of  the  thirty- three 
subjects  improved  in  grip  strength. 

5.  Following  the  six  weeks  of  isometric  training,  there  was  a  mean 
increase  in  the  number  of  sit-ups  performed  in  two  minutes  of  3»3«  This  change 
was  statistically  significant  at  the  .01  level  of  confidence.  Twenty- four  of 
the  thirty-three  subjects  improved  in  their  ability  to  perform  sit-ups. 

6.  For  all  eleven  variables,  the  F  ratios  for  subject  differences 
were  statistically  significant  at  the  .01  level  of  confidence,  indicating  that, 
throughout  the  twelve  weeks  of  the  experiment,  some  subjects  changed  consis¬ 
tently  more  than  others. 

Within  the  limitations  of  the  present  study,  the  following  conclu¬ 


sions  were  made: 
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1.  During  a  period  of  relative  inactivity,  young  women  tend  to 
deposit  fat  in  the  thigh  and  waist  areas.  This  is  evidenced  by  the  statistic¬ 
ally  significant  increases  in  thigh  girth  during  the  control  period  and  in 
abdominal  skinfold  over  the  entire  twelve  weeks.  Such  deposition  of  fat  may 
occur  without  an  increase  in  weight,  as  no  statistically  significant  change 

in  weight  took  place. 

2.  Following  six  weeks  of  isometric  training  by  performing  one 
daily  six-second  maximal  contraction  of  the  hand  and  wrist  muscles,  young 
college  women  showed  an  increase  in  grip  strength,  which  was  statistically 
significant  at  the  .05  level  of  confidence. 

3*  Following  six  weeks  of  isometric  training  by  performing  six 
daily  six- second  maximal  contractions  of  the  abdominal,  gluteal  and  thigh 
muscles  in  a  standing  position,  young  college  women  showed  an  increase  in 
the  muscular  endurance  of  the  abdominal  muscles  that  was  statistically  sig¬ 
nificant  at  the  .01  level  of  confidence. 

Recommendations  for  Further  Study 

It  is  recommended  that  similar  research  be  carried  out  using 
younger  girls,  or  older,  more  competitive  girls,  as  subjects.  It  is  felt 
that  such  subjects  would  be  more  highly  motivated  and  more  likely  to  put 
forth  a  maximal  effort  during  training  and  testing. 

It  is  further  recommended  that  studies,  using  students  as  subjects, 
take  place  at  the  beginning  of  the  fall  term  before  the  subjects  have  part¬ 
icipated  in  physical  education  activities. 

Because  of  the  principle  of  specificity,  it  is  recommended  that 
young  women  be  trained,  using  isometric  contractions  in  the  same  position  in 
which  they  will  be  tested. 

It  is  felt  that  more  meaningful  results  will  be  obtained  if  thigh 
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girth  and  skinfold  measurements  are  taken  at  the  same  site. 

It  is  recommended  that  more  attention  be  given  to  individual 
differences,  as  it  has  been  observed  that  some  subjects  are  more  trainable 
than  others. 


BIBLIOGRAPHY 


Books 


Barcroft,  H.,  Swan,  H.  J.  C.,  Sympathetic  Control  of  Human  Blood  Vessels, 

London:  E.  Arnold  &  Co.,  1952. 

Brozek,  J.,  Fidanza,  F.,  Keys,  A.,  "Skinfold  Caliper  Estimation  of  Body 

Fat  and  Nutritional  Status”,  Federation  Proceedings,  vol.  13  (1954),  p.19. 

Clarke,  H.  Harrison,  Clarke,  David  H.,  Developmental  and  Adapted  Physical 
Education.  Englewood  Cliffs,  N.  J:  Prentice-Hall,  Inc.,  1963,  pp. 73-96. 

Cureton,  T..K.,  Physical  Fitness  Appraisal  and  Guidance.  St.  Louis:  The 
C.  V.  Mosby  Company,  1947,  pp.  135-160. 

Cureton,  T.  K. ,  Physical  Fitness  Workbook.  St.  Louis:  The  C.  V.  Mosby 
Company,  1947.  150  pp. 

Edwards,  Allen  L. ,  Experimental  Design  in  Psychological  Research,  revised  ed.. 
New  York:  Holt,  Rinehart  and  Winston,  I960. 

Garrett,  H.  E.,  Statistics  in  Psychology  and  Education.  5th.  ed..  New  York: 
Longmans,  Green  and  Company,  1958. 

Guyton,  A.  C.,  Textbook  of  Medical  Physiology.  Philadelphia:  W.  B. Saunders, 1959. 

Hettinger,  T.,  Physiology  of  Strength.  Springfield,  Illinois:  Charles  C. 

Thomas,  1961. 

Karpovich,  P.  V.,  Physiology  of  Muscular  Activity.  5th.  ed.,  Philadelphia: 

W.  B.  Saunders,  I960. 

Larson,  Leonard  A.,  Yocom,  Rachel  D.,  Measurement  and  Evaluation  in  Physical 
Health  and  Recreation  Education.  St.  Louis:  C.  V.  Mosby,  1951,  P»  163. 

Magoun,  H.  W.,  "Central  Inhibition  and  Reticular  System”,  Abstracts  of 
Communication.  21st.  International  Congress  of  the  Physiological 
Sciences,  Buenos  Aires,  1959,  pp.  46-49* 

Mathews,  D.  K.,  Measurement  in  Physical  Education.  Philadelphia:  W.  B. 

Saunders  Company,  1958. 

Mayberry,  R.  P. ,  "Isometric  Exercise  and  Cross  Transfer  of  Training  Effects 
as  it  Relates  to  Strength",  62  Proceedings  C.P.E.A. .  December,  1958. 

McCloy,  C.  H.,  Young,  N.  D.,  Tests  and  Measurements  in  Health  and  Physical 
Education.  3rd  ed..  New  York:  Appelt on-Century-Crofts,  Inc.,  1954, 
pp.  364-368. 

Metheny,  Eleanor,  Body  Dynamics.  New  York:  McGraw-Hill,  1952. 


Morgan, R.  E. ,  Adamson,  G.  T.,  Circuit  Training.  London:  G.  Bell  and  Sons, 
Ltd.,  1957. 


77 


Morehouse,  Laurence  E. ,  "Physiological  Basis  of  Strength  Development", 

Exercise  and  Fitness.  Chicago:  The  Athletic  Institute,  1959,  pp. 193-198. 

Rasch,  Philip  J.,  Burke,  Roger  K. ,  Kinesiology  and  Applied  Anatomy. 
Philadelphia:  Lea  and  Febiger,  I960. 

Rony,  H.  R.,  Obesity  and  Leanness.  Philadelphia:  Lea  and  Lebiger,  1940. 

Roux,  W. ,  Gesammelte  Abhandlungen  uber  Entwicklunsmechanik  der  Organismen. 

Bd.  1.  Funkt.  Anpassung,  Liepzig,  1895 • 

Sills,  F.  D.,  "Anthropometry  in  Relation  to  Physical  Performance",  Science 
and  Medicine  of  Exercise  and  Sports.  Warren  R.  Johnson,  ed..  New  York: 
Harper  &  Brothers,  I960,  pp.  40-53* 

Steinhaus,  Arthur  H.,  How  to  Keep  Fit  and  Like  It. 2nd  ed. ,  Chicago:  The 
Dartnell  Corporation,  1957,  p*  6. 

Steinhaus,  Arthur  H.,  "Problems  in  Strength  and  Power  Performances",  Health 
and  Fitness  in  the  Modem  World.  Athletic  Institute,  1961,  p.  362. 

Thompson,  Clem  W. ,  ed. ,  Kranz  Manual  of  Kinesiology.  4th.  ed.,  St.  Louis: 

C.  V.  Mosby  Company,  1961,  p.  65* 


Periodicals 


Baer,  Adrian  D.,  Gersten,  Jerome,  W. ,  Robertson,  Barbara  M.,  Dinken,  Harold, 
"Effect  of  Various  Exercise  Programs  on  Isometric  Tension,  Endurance 
and  Reaction  Time  in  Humans",  Archives  of  Physical  Medicine  and  Rehab¬ 
ilitation.  vol.  36  (August,  1955),  PP*  495-503* 

Barcroft,  H. ,  Miller,  J.  L.  E. ,  "Bloodflow  through  Muscle  during  Sustained 
Contraction",  Journal  of  Physiology,  vol.  97  (1930), PP*  17-31* 

Beasley,  W.  C.,  "Quantitative  Muscle  Testing:  Principles  and  Application  to 
Research  and  Clinical  Studies",  Archives  of  Physical  Medicine,  vol.  42 
(June,  1961),  pp.  396-425* 

Berger,  Richard,  "Comparison  of  Static  and  Dynamic  Strength  Increases", 
Research  Quarterly,  vol.  33  (October,  1962),  pp.  329-333* 

Bowers,  Louis  E.,  "Investigation  of  the  Relationship  of  Hand  Size  and  Lower 
Arm  Girths  to  Hand  Grip  Strength  as  Measured  by  Selected  Hand  Dynamo¬ 
meters",  Research  Quarterly,  vol.  32  (October,  1961),  p.  312. 

Bullen,  A.  R. ,  Hardy,  H.  L. ,  "Analysis  of  Body  Build  Photographs  of  175 

College  Women",  American  Journal  of  Physical  Anthropology,  vol.  4  (1946), 
PP*  37-68. 


Clarke,  David  H.,  "Energy  Cost  of  Isometric  Exercise",  Research  Quarterly, 
vol.  31  (March,  i960),  p.  3* 


78 


Clarke,  H.  H.,  "Improvement  in  Objective  Strength  Tests  of  Muscle  Groups 

by  Cable- Tension  Methods",  Research  Quarterly,  vol.  21  (December,  1950), 
PP.  399-419. 

Clarke,  Harrison,  "Objective  Strength  Tests  of  Affected  Muscle  Groups 

Involved  in  Orthpedic  Disabilities",  Research  Quarterly.  vol.  19  (May, 
1948),  p.  136. 

Clarke,  H.  H.,  Bailey,  T.  L. ,  Shay,  C.  T. ,  "New  Objective  Strength  Tests  by 
Cable-Tension  Methods",  .  Research  Quarterly,  vol.  23  (May,  1952), 

pp.  136-148. 

Clarke,  H.  H. ,  Geser,  L.  R. ,  Hundsdon,  S.  P. ,  "Comparison  of  Upper  Arm 
Measurement  by  Use  of  Roentgenogram  and  Anthropometric  Techniques", 
Research  Quarterly,  vol.  27  (1956),  pp.  379-385. 

Darcus,  H.  D.,  Salter,  N. ,  "The  Effect  of  Repeated  Muscular  Exertion  on 
Muscular  Strength",  Journal  of  Physiology,  vol.  129  (August,  1955), 
pp.  325-336. 

Dennison,  J.  D.,  Howell,  M.  L. ,  Morford,  W,  R, ,  "Effect  of  Isometric  and 

Isotonic  Exercise  Programs  upon  Muscular  Endurance",  Research  Quarterly, 
vol.  32  (October,  1961),  pp.  348-353* 

Edwards,  D.  A.  W. ,  "Estimation  of  the  Proportion  of  Fat  in  the  Body  by 
Measurement  of  Skinfold  Thickness",  American  Journal  of  Clinical 
Nutrition,  vol.  4  (1956),  pp.  35-36. 

Edwards,  D.  A.  W. ,  "Observations  on  Distribution  of  Subcutaneous  Fat", 

Clinical  Science,  vol.  9  (1950),  pp.  259-270. 

Edwards,  D.  A.  W. ,  Hammond,  W.  H.,  Healy,  M.  J.  R. ,  Tanner,  J.  M. ,  White- 
house,  R.  H.,  "Design  and  Accuracy  of  Calipers  for  Measuring  Subcut¬ 
aneous  Tissue  Thickness",  British  Journal  of  Nutrition,  vol.  9  (1955), 
pp.  133-143. 

Fisher,  M.  Bruce,  Birren,  James  E.,  "Standardization  of  a  Test  of  Hand 

Strength",  Journal  of  Applied  Psychology,  vol.  30  (1946),  pp.  380-387. 

Flint,  M.  Marilyn,  "Effect  of  Increasing  Back  and  Abdominal  Muscle  Strength 
on  Low  Back  Pain",  Research  Quarterly,  vol.  29  (May,  1958),  p.  160. 

Fox,  Margaret  G. ,  "The  Relationship  of  Abdominal  Strength  to  Selected 

Posture  Faults",  Research  Quarterly,  vol.  22  (May,  1951),  pp.  141-144* 

Garn,  S.  M. ,  Mozeli,  J.,  "Fat  Changes  during  Weight  Loss",  Science,  vol.  124 

(1956),  p.  682. 

Gersten,  Jerome  W. ,  "Isometric  Exercises  in  the  Paraplegic  and  in  the  Patient 
with  Weakness  of  Quadriceps  and  Hamstrings",  Archives  of  Physical  Medicine 
and  Rehabilitation,  vol.  42  (July,  1961),  pp.  498-506. 


Hansen,  J.  W. ,  "The  Training  Effect  of  Repeated  Isometric  Contractions", 
Arbeitsphvsiologie .  vol.  18  (1961),  pp.  474-477* 


79 


Howell,  M.  L. ,  Kimoto,  R.,  Morford,  W.  R. ,  "Effect  of  Isometric  and  Isotonic 
Exercise  Programs  Upon  Muscular  Endurance",  Research  Quarterly,  vol.  33 
(December,  1962),  pp.  536-540. 

Howell,  Maxwell  L.,  Shaw,  George,  "Effects  of  Maximal  Isometric  Contractions 
on  Anthropometrical  Measurements,  Speed  of  Movement,  Flexibility, 

Strength  and  the  Physical  Fitness  Index",  University  of  Alberta  (being 
prepared  for  publication). 

Howell,  Maxwell  L. ,  Shaw,  G.,  "Observations  on  the  Effects  of  a  Single 

Maximal  Isometric  Contraction  on  Strength,  Hypertrophy  and  Cross  Transfer", 
University  of  Alberta  (being  prepared  for  publication). 

Hellebrandt,  F.  A.,  Houtz,  S.  J.,  "Mechanisms  of  Muscle  Training  in  Man", 

The  Physical  Therapy  Review,  vol.  36  (1956),  pp.  371-383. 

Hettinger,  Thor,  Muller,  E.  A.,  "Muskellei stung  und  Muskeltraining", 

Arbeit sphvsiologie .  vol.  15  (1953),  pp*  111-126. 

Ikai,  Michio,  Steinhaus,  Arthur  H. ,  "Some  Factors  Modifying  the  Expression 

of  Human  Strength",  Journal  of  Applied  Physiology,  vol.  16  (January, 1961), 
pp.  157-163. 

Lawrence,  M.  S.,  Meyer,  H.  R. ,  Mathews,  N.  L. ,  "Comparative  Increase  in 
Muscle  Strength  in  the  Quadriceps  Femoris  by  Isometric  and  Isotonic 
Exercise  and  Effects  on  the  Contralateral  Muscle" .Journal  of  the 
American  Physical  Therapy  Association,  vol.  42  (January,  1962). 

Liberson,  W.  T.,  Asa,  M.  M.,  "Further  Studies  of  Brief  Isometric  Exercises", 
Archives  of  Physical  Medicine  and  Rehabilitation,  vol.  40  (1959), 
pp*  330-336. 

Mathews,  D.  K. ,  Kruse,  R.,  "Effects  of  Isometric  and  Isotonic  Exercises  on 
Elbow  Flexor  Muscle  Groups",  Research  Quarterly,  vol.  28  (March,  1957) 

p.  26. 

McCloy,  C.  H. ,  "Adequate  Overload",  Journal  of  Physical  Education,  vol.  42 
(March-April,  1945),  p*  69. 

Muller,  E.  A.,  "The  Regulation  of  Muscular  Strength",  Journal  of  the  Assoc¬ 
iation  for  Physical  and  Mental  Rehabilitation,  vol.  11  (March,  1957), 
pp.  41-51, 

Muller,  E.  A.,  "Training  Muscle  Strength",  Eogonomics.vol.  2  (February,  1959), 

pp.  216-222. 

Partridge,  Miriam  J.,  Walters,  C.  Etta,  "Participation  of  the  Abdominal  Muscles 
in  Various  Movements  of  the  Trunk  in  Man",  The  Physical  Therapy  Review. 
vol.  39  (December,  1959),  pp*  791-800. 

Perkins,  Lois,  K. ,  Kaiser,  Helen  L.,  "Results  of  Short  Term  Isotonic  and  Iso¬ 
metric  Exercise  Programs  in  Persons  over  Sixty",  Physical  Therapy  Review, 
vol.  41  (September,  1961),  pp.  633-635* 


80 


Petersen,  F.,  "Muscle  Training  by  Static,  Concentric  and  Eccentric  Con¬ 
tractions",  Acta  Physiologica  Scandanavica.  vol.  48  (i960),  pp.406-416. 

Petow,  H.,  Siebert,  W.,  "Studien  uber  Arbeit shypertrophy  der  Muskels", 

Z.  Klin.  Med. .  vol.  102  (1925),  pp.  427-433* 

Piscopo,  John,  "Skinfold  and  Other  Anthropometrical  Measurements  of  Pre- 

adolescent  Boys  from  Three  Ethnic  Groups",  Research  Quarterly «  vol.  33 
(May,  1952),  p.  255* 

Rarick,  G.  L. ,  Larsen,  C.  L. ,  "Observations  on  Frequency  and  Intensity  of 
Isometric  Muscular  Effort  in  Developing  Static  Muscular  Strength  in 
Post-Pubescent  Males",  Research  Quarterly,  vol.  29  (October,  1958), 

PP*  333-341. 

Rasch,  P.  J . ,  "Effect  of  the  Position  of  the  Forearm  on  the  Strength  of  the 
Elbow  Flexors",  Research  Quarterly,  vol.  27 (October,  1956),  p.  333* 

Rasch,  P.  J.,  Morehouse,  L.  E.,  "Effect  of  Static  and  Dynamic  Exercise  on 
Muscular  Strength  and  Hypertrophy",  Journal  of  Applied  Physiology, 
vol.  11  (July,  1957),  pp.  29-34- 

Rasch,  P.  J.,  Pierson,  W.  R.,  "Relationship  Between  Maximum  Isometric  Tension 
and  Breaking  Strength  of  Forearm  Flexors",  Research  Quarterly,  vol.  31 
(October,  i960),  p.  534. 

Roby,  Fred  B.,  "Effect  of  Exercise  on  Regional  Subcutaneous  Fat  Accumulations", 
Research  Quarterly,  vol.  33  (May,  1962),  p.  274* 

Royce,  Joseph,  "Maximal  Work  Capacity  of  Human  Intact  Muscle  Under  Hyperaemic 
Conditions",  Research  Quarterly,  vol.  31  (October,  I960),  p.  505. 

Schade,  Maja,  Hellebrandt,  F.  A.,  Waterland,  Joan  C.,  Cams,  Marie  L. , 

"Spot  Reducing  on  Overweight  College  Women:  Its  Influence  on  Fat 
Distribution  as  Determined  by  Photography",  Research  Quarterly,  vol.  33 
(October,  1962),  pp.  461-471. 

Steinhaus,  Arthur  H. ,  "Strength  from  Morpurgo  to  Muller  -  A  Half  Century 
of  Research",  Journal  of  the  Association  for  Physical  and  Mental 
Rehabilitation,  vol.  9  (September-October.  1955).  pp.  147-150. 

Steinhaus.  Arthur  H.,  "The  Secret  of  Good  Posture",  This  Week  (October,  9, 

1955). 

Stoboy,  H. ,  Nussagen,  W. ,  Friedebold,  G. ,  "Behaviour  of  Motor  Unit  under 
Isometric  Training",  Int.  Z.  angeu  Physiol.,  vol.  17  (1959),  152  pp. 

Tanner,  J.,  Whitehouse,  R.  H.,  "The  Harpenden  Skinfold  Caliper",  American 

Journal  of  Physical  Anthropology,  vol.  13  (December,  1955),  pp.  743-746. 

Thompson,  ClemW.,  "Physiological  Effects  of  Isometric  Work  in  Man",  Research 
Quarterly. vol.  25  (December,  1954). 


« 


81 


Walters,  C.  Etta,  Partridge,  Miriam  J.,  "Electromyographic  Study  of  Diff¬ 
erential  Action  of  the  Abdominal  Muscles  During  Exercise",  American 
Journal  of  Physical  Medicine,  vol.  36  (October,  1957),  pp.  259-268. 

Walters,  C.  E. ,  Stewart,  C.  L. ,  LeClaire,  J.  F.,  "Effect  of  Short  Bouts 
of  Isometric  and  Isotonic  Contractions  on  Muscular  Strength  and 
Endurance",  American  Journal  of  Physical  Medicine,  vol.  39  (August, 
I960),  pp.  131-141.  ' 

Wickstrom,  R.  L. ,  "An  Observation  on  Isometric  Contraction  as  a  Training 
Technique",  Journal  of  the  Association  for  Physical  and  Mental 
Rehabilitation,  vol.  12  (September-October.  1958).  p.  5. 

Wolbers,  C.  P. ,  Sills,  F.  D.,  "Development  of  Strength  in  High  School  Boys 
by  Static  Contractions",  Research  Quarterly,  vol.  27  (December,  1956), 
pp.  446-450. 


Unpublished  Material 

Asa,  M.  Maxim,  "The  Effects  of  Isometric  and  Isotonic  Exercise  on  the 

Strength  of  Skeletal  Muscle",  Microcard,  Ph.  D.  Thesis,  Springfield 
College,  1959,  142  pp. 

Crakes,  James  G. ,  "An  Analysis  of  Some  Aspects  of  an  Exercise  and  Training 
Program  Developed  by  Hettinger  and  Muller",  Unpublished  Master’s 
Thesis,  University  of  Oregon,  1957. 

Day,  I.  June,  "A  Study  of  the  Reduction  of  the  Waistline  of  Women  by  Iso¬ 
metric  Contraction  of  the  Abdominal  Wall",  Unpublished  Master’s 
Thesis,  Louisiana  State  University,  1957* 

Durant,  Della,  "The  Effect  of  Vigorous  Sports  Participation  on  the  Duration 
of  Labor  in  Childbearing",  Unpublished  M.  S.  Thesis,  Pennsylvania 
State  University,  1957. 

Hayman,  Noel  R. ,  Schneider,  Richard  L. ,  "The  Effects  of  Isotonic  and  Iso¬ 
metric  Muscle  Exercises  upon  the  Strength  of  the  Elbow  Flexor  Muscles", 
Unpublished  Master’s  Thesis,  Springfield  College,  1956. 

Howell,  Maxwell  L. ,  "The  Development  of  Strength  and  Muscular  Endurance  by 
Isometric  Contractions:  Findings  and  Associated  Problems",  University 
of  Alberta,  mimeographed  paper,  1962. 

Iowa  Child  Welfare  Research  Station,  "Anthropometric  Technique",  University 
of  Iowa,  mimeographed,  1941* 

Littlefield,  Joseph,  C.,  "The  Development  of  Strength  in  Junior  High  School 
Boys  by  a  Ten-second  Static  Muscle  Contraction",  Unpublished  Master’s 
Thesis,  Alabama  Polytechnic  Institute,  1957* 


■ 


82 


Lorback,  M.  M. ,  "A  Study  Comparing  the  Effectiveness  of  Short  Periods  of 
Static  Contractions  with  Standard  Weight  Training  Procedures  in  the 
Development  of  Strength  and  Muscle  Girth",  Unpublished  Master’s  Thesis, 
Pennsylvania  State  University,  June,  1955* 

Meadows,  Paul  Eugene,  "The  Effect  of  Isotonic  and  Isometric  Muscle  Contraction 
Training  on  Speed,  Force  and  Strength",  Ph.  D.  Thesis,  University  of 
Illinois,  1959. 

Swegan,  D.  B.,  "The  Comparison  of  Static  Contractions  with  Standard  Weight 
Training  in  Effect  on  Certain  Movement  Speeds  and  Endurances", 

Unpublished  Doctoral  Dissertation,  Pennsylvania  State  University, 

January,  1957. 

Taylor,  W.  E.,  "A  Study  Comparing  the  Effectiveness  of  Four  Static  Contraction 
Training  Methods  for  Increasing  the  Contractile  Strength  of  Two  Body 
Movements",  Unpublished  Master’s  Thesis,  Pennsylvania  State  University, 
June,  1955. 

Yuhasz,  Michael  S.,  "The  Measurement  of  Body  Fat",  University  of  Western 
Ontario,  mimeographed  paper,  I960. 


APPENDIX  A 


STATISTICAL  TREATMENT 


STATISTICAL  TREATMENT 


Raw  scores  were  obtained  for  the  thirty-three  subjects  on  eleven 

variables: 

1.  Weight 

2.  Waist  Girth 

3.  Hip  Girth 

4*  Right  Thigh  Girth 

5.  Right  Forearm  Girth 

I 

6.  Abdominal  Skinfold 

7*  Right  Rear  Thigh  Skinfold 
8.  Right  Forearm  Skinfold 
9*  Strength  of  Right  Quadriceps  Extension 
10,  Right  Grip  Strength 

11#  Abdominal  Muscular  Endurance  (number  of  sit-ups) 

Four  trials  were  given  on  each  variable  -  initial  test;  retest 
after  four  days;  final  control  test  following  the  six  week  control  period; 
and,  final  experimental  test  after  the  next  six  weeks. 

A.  Reliability  of  Measurements.  In  order  to  determine  the  reliability 
of  the  measurements  for  each  of  the  eleven  variables,  the  test-retest  reli¬ 
ability  was  found  by  the  Pearson  Product-Moment  method  (1:143): 

n(xy  -  «x)  (00 

r= _ 

y  [n(x2  -  (*x)2]  [nOy2  -  (£y)2] 

where  X  *  test  score 

Y  -  retest  score 

The  same  procedure  was  followed  for  each  of  the  eleven  variables. 
Following  the  calculation  of  the  reliability  coefficients,  the 
initial  test  scores  were  mo  longer  used.  The  retest  scores  became  known 


■ 
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as  the  Trial  1  scores;  the  final  control  period  scores  were  referred  to  as  the 
Trial  2  scores;  and,  the  final  experimental  period  scores  were  known  as  the 
Trial  3  scores. 

B.  Analysis  of  Variance.  In  order  to  determine  the  statistical  sig¬ 
nificance  of  any  changes  that  had  occurred  during  the  experiment,  the  raw 
data  for  each  of  the  eleven  variables  were  subjected  to  analysis  of  variance, 
using  the  formula  for  single  groups  (1:291): 

Step  1.  The  sum  of  scores  for  each  trial  was  calculated: 

Sxi  ;  tx2  ;  £x3 

Step  2.  The  Grand  Sum  of  all  the  scores  was  calculated: 

£x  =  Zli  +{x2  +£x3 

Step  3.  The  Mean  Score  for  each  trial  was  calculated: 

Xl  -  lxx 
N 

*2  =  £*2 
N 

x3  =  £x3 

N 

Step  A.  The  correction  term  was  calculated  by  squaring  the  grand  sum  of 
all  scores  for  the  three  trials  and  by  dividing  by  the  total  number  of  scores 
for  the  three  trials,  in  this  case  -  99. 

c  =  ( lx) 2 

N 

Step  5.  The  total  sum  of  squares  around  the  general  mean  was  found  by 
squaring  each  score,  summing  the  squares,  and  subtracting  the  correction  term. 

Total  SS  =  (  X^2  +  X022-+-  ...  -*-X982  4-X992)  -  C 

Step  6.  The  sum  of  squares  between  the  means  of  the  trials  was  calculated 
by  squaring  the  sum  of  the  scores  for  each  trial,  adding  the  three  squares  to¬ 
gether,  dividing  by  the  number  of  scores  in  each  trial  (33)  and  subtracting  the 
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correction  factor. 

sstrials  =  (£*t)2+  (£X9)2+  (2.X,)2 _  -  C 

n 

Step  7.  The  sum  of  squares  among  the  means  of  the  subjects  was  found  by- 
adding  the  three  scores  for  each  subject,  squaring  each  total,  and  summing  the 
squares.  The  sum  of  squares  was  divided  by  (  k»  t^iods  =-  3)  and  the  cor¬ 
rection  factor  was  subtracted. 

Sssubjects  =  (X]_-f-  X2  f  ) 

_  Q.-33  -  C 

k(or  3) 

Step  8.  The  residual  variation  or  interaction  is  whatever  is  left  when 
the  systematic  effects  of  trial  differences  and  subject  differences  have  been 
removed  from  the  total  sum  of  squares.  Interaction  measures  the  tendency  for 
subject  performance  to  vary  along  with  trials;  it  measures  the  factors  attribu 
able  neither  to  subjects  nor  trials  acting  alone,  but  rather  to  both  acting  to 
gether.  Interaction  was  obtained  by  subtracting  the  trials  SS  plus  subjects 
SS  from  the  total  SS. 

Interaction  SS  =  Total  SS  -  (  SS^j  ects+  SStrials) 

Step  9.  The  sums  of  squares  become  variances  when  divided  by  the  approp¬ 
riate  degress  of  freedom.  If  N  =  total  number  of  scores,  r^rows  and  K  - 
columns: 

df  for  total  SS  =  (N-l)  =  (99-1)  -  98 

df  for  column  SS  (trials)  —  (k-l)  =  (3—1)  —  2 

df  for  row  SS  (subjects)  =  (r-l)  =  (33-1) =  32 

df  for  interaction  SS  —  (k-l)  (r-l)  =  (2)  (32)=  64 

Step  10.  Each  sum  of  squares  became  a  variance  when  divided  by  the  degree 

of  freedom  allotted  it  (Step  9)»  The  mean  square  or  variance  for  the  sum  of 

squares  between  trials  1,  2  and  3  was  found  by: 

Variance  (between  trials)  _  Between  Trials  SS 

(k-l)  or  2 
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The  mean  square  or  variance  for  the  sum  of  squares  among  subjects  was  found  by: 

Variance  (among  subjects)  =  Among  Subjects  SS 

(r-l)  or  32 

The  mean  square  or  variance  for  the  interaction  sum  of  squares  was  found  by: 

Variance  (interaction)  =-  Interaction  SS 

(K-lXlM.)  or  96 

Step  11.  Two  F  ratios  were  calculated,  one  for  trial  differences  and  one 
for  subject  differences.  In  both  cases,  the  interaction  variance  is  placed  in 
the  denominator  of  the  variance  ratio,  since  it  is  the  best  estimate  of  exper¬ 
imental  error  or  residual  variance  after  the  systematic  influences  of  trials  and 
subjects  have  been  removed. 

^trials  =  Variance  (between  trials) 

Variance  (interaction) 

F subjects  =  Variance  (among  subjects) 

Variance  (interaction) 

Step  12.  In  the  present  problem,  the  null  hypothesis  asserted  that  the 
three  sets  of  scores  were  equal.  The  null  hypothesis  (H:  X^  =  X2  =  X3=X)  was 
tested  by  applying  an  F  test  to  the  F  ratios  found  for  each  of  the  eleven 
variables. 

If  F  —  the  value  of  the  table,  accept  H 

If  F  >  the  value  of  the  table,  reject  H 
In  Table  F,  it  was  found  that  when  df  i  —  2  and  df2  =64,  F  at  .01  =  4*98,  and 
F  at  .05  =3*15»  The  F  ratio  for  trials  was  tested  against  these  values. 

It  was  found  that  when  df^_  =  32  and  df2  =  64,  F  at  .01  =•  1.60  and  F  at  .05=1.39» 
The  F  ratio  for  subjects  was  tested  against  these  values. 

If  it  is  found  that  the  F  ratio  is  not  significant  (less  than  or 
equal  to  the  critical  value  in  the  table),  the  null  hypothesis,  that  all  the 
means  are  equal,  was  not  rejected.  If  the  F  is  not  significant,  there  was  no 
reason  for  further  testing  as  none  of  the  mean  differences  would  be  statistic¬ 
ally  significant. 
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If,  however,  the  F  ratio  had  been  found  to  be  significant  (greater 
than  the  critical  value  in  the  table),  the  null  hypothesis  would  have  been  re¬ 
jected.  A  significant  F  does  not  tell  us  which  means  differ  significantly, 
but  merely  that  one  is  reliably  different  from  the  others.  Then,  the  separate 
differences  were  tested  by  applying  Duncan’s  New  Multiple  Range  Test. (2: 136-139 ), 
for  use  when  the  same  number  of  observations  is  present  for  each  mean. 

C.  Duncan’s  New  Multiple  Range  Test.  The  first  step  in  applying  the 
multiple  range  test  is  to  arrange  the  means  in  order  of  magnitude. 

Then  the  standard  error  of  a  single  mean  may  be  found  by: 

si  =-§_ 

n 

where  s  =  the  square  root  of  the  interaction  (error)  mean  square  of  the 
analysis  of  variance,  and 

n  =.  the  number  of  observations  on  which  the  mean  is  based,  in 
this  case,  n  is  equal  to  33* 

Because  the  standard  error  of  a  single  mean  is  based  upon  the  interaction 
mean  square  (with  64  degrees  of  freedom  and  three  means  involved)  the  table  of 

significant  studentized  ranges  for  Duncan’s  New  Multiple  Range  Test  was  entered 
with  k  =3  and  df  =.  64.  It  was  found  that,  for  <<.05,  T2  was  equal  to  2.829  and 
rj  was  equal  to  2.976.  For«<.01,  r2  was  equal  to  3*762  and  r^  was  equal  to 

3*922. 

Each  significant  studentized  range  was  the  multiplied  by  the  standard 
error  of  the  mean  (S^).  The  resulting  values  are  called  the  shortest  sig¬ 
nificant  ranges. 

The  differences  between  the  pairs  of  means  were  tested,  beginning  with  the 
largest  minus  and  the  smallest  mean.  Each  mean  difference  is  significant  if  it 
is  found  to  exceed  the  corresponding  shortest  significant  range.  A  mean  differ¬ 
ence  covering  two  means  must  exceed  T2  at  the  .05  or  .01  levels  of  confidence 
and  a  mean  difference  covering  three  means  must  exceed  rj  at  the  .05  or  .01 


levels  of  confidence. 
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APPENDIX  B 


INDIVIDUAL  SCORE  SHEET 


NAME: 


ADDRESS: _ _ _ _ 

’HONE  NO.: _ 

GE: _ years  , _ months 


TEST 

RETEST 

FINAL  C. 

FINAL  EXP. 

.  Weight 

lbs. 

.  Girth  -  waist 

in . 

hips 

in. 

r.  thigh 

in. 

r.  forearm 

in . 

Subc.  fat  -  abdomen 

mm. 

r.  thigh  post. 

mm. 

r.  forearm 

mm. 

Strength  of  quadriceps 

lbs. 

Right  grip  strength 

lbs. 

Number  sit-ups 

letic  activities  engaged  in  on  a  regular  club,  team,  or  recreational  basis: 


t 

i 

i 


I 


. i 


i 


M"*:  -  '\:r-f.r.r. 
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'X 


( 
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4- 
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APPENDIX  C 


RAW  SCORES 


RAW  SCORES 


1.  Weight  (pounds) 


Sub.1 ect 

Test 

Retest 

Final  Control 

Final  Experimental 

01 

123.25 

123.00 

124.00 

124.00 

02 

125.00 

123.75 

119.75 

121.00 

03 

119.25 

117.75 

112.75 

108.50 

04 

130.50 

130. 50 

128.75 

129.00 

05 

114.75 

117.00 

113.00 

108.25 

06 

118.50 

119.50 

118.00 

119.75 

07 

149.00 

153.00 

151.50 

152.75 

08 

105.75 

105.75 

106.25 

104.00 

09 

126.25 

124.50 

124.50 

125.75 

10 

104.50 

103.25 

103.25 

104.00 

11 

108.25 

108.75 

109.50 

108.50 

12 

122.00 

123.25 

124.50 

125.00 

13 

121.50 

122.50 

121.75 

122.00 

14 

151.75 

149.50 

150.75 

149.75 

15 

120.50 

119.25 

123.00 

123.00 

16 

93.50 

92.75 

94.25 

94.50 

17 

132.25 

133.00 

133.00 

132.75 

18 

114.25 

114.50 

118.00 

117.50 

19 

127.00 

126.75 

132.00 

131.25 

20 

146.50 

146.00 

143.00 

149.00 

21 

150.00 

151.50 

155.00 

155.50 

22 

113.00 

113.50 

112.00 

114.50 

23 

135.50 

137.00 

142.00 

151.00 

24 

120.75 

121.50 

118. 50 

118.00 

25 

119.00 

117.00 

116.50 

114.75 

26 

126.75 

125.50 

125.50 

126.00 

27 

156.00 

156.50 

158.50 

160.50 

28 

112.00 

112.00 

113.75 

117.00 

29 

147.50 

146.00 

146.25 

147.50 

30 

104.00 

103.00 

102.00 

100.50 

31 

131.00 

130.00 

131.00 

130.00 

32 

138.00 

139.00 

136.00 

135.25 

33 

127.25 

128.50 

128.25 

130.00 

1 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


2. 


Waist  Girth  (inches) 


Test 

Retest 

FinaiL  Control 

Final  Experimental 

25.375 

24.936 

25.125 

24.313 

24.063 

24 « 438 

24.688 

24.750 

26. 563 

25.563 

25.313 

23. 813 

24-438 

25.000 

24.750 

24.188 

25.375 

25.500 

25.000 

24.500 

22.750 

23.000 

22.375 

22.938 

27.375 

28.375 

29.000 

27.688 

23.938 

23.250 

23.875 

23.875 

24.875 

24.438 

24.500 

23. 813 

22.500 

22.250 

22.438 

22. 125 

22.938 

23.438 

23.125 

23.000 

26.063 

26.938 

26.688 

26.000 

24.000 

25.250 

24.500 

24.000 

27.000 

26.813 

27.188 

27.375 

25.500 

25.750 

26.813 

26.500 

22.625 

22.500 

22.938 

22.750 

26.750 

25.938 

25.500 

25.563 

23.875 

24.063 

24.438 

23. 813 

25.625 

24.750 

26.313 

26.000 

28.938 

28.063 

27.063 

29.000 

26.813 

26.625 

27.688 

27.250 

23.000 

23.438 

22.813 

22.250 

23-313 

24.125 

24.563 

25.313 

23. 813 

23.563 

22.938 

23.000 

23.750 

24.063 

23.875 

22.313 

25.063 

24.250 

24.750 

24.43s 

27.125 

27.750 

27.688 

27.688 

24.750 

25.250 

25.438 

25.688 

27.813 

27.000 

27.000 

27.375 

22.875 

23.750 

21.688 

22.250 

26.500 

26.250 

26.000 

25.43 8 

27.063 

28.188 

28.250 

26.688 

24.500 

25.000 

25.000 

24. 815 

I 


02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


3«  Hip  Girth  (inches) 


Test 

Retest 

Final  Control 

Final  Experimental 

36.250 

37.500 

36.875 

36.875 

36.125 

36.375 

35.438 

35.875 

36.875 

37.000 

36.750 

36.375 

36.500 

36.625 

36.438 

36.313 

35.250 

35.875 

35.125 

35.000 

36.125 

36.063 

35.938 

35.813 

37.563 

37.875 

37.625 

38.375 

34.375 

35.313 

35.313 

35.500 

35.250 

35.063 

36.000 

36.125 

34. 188 

34.125 

34.375 

34.250 

34. 933 

34.250 

34.375 

34.250 

36.000 

36.188 

36.875 

36.938 

36.438 

37.188 

37.000 

36.688 

38.375 

38.938 

39.313 

38.438 

35.750 

35.500 

36.563 

36.125 

31.375 

32.313 

32. 563 

32.625 

36.500 

36.500 

36.500 

37.125 

35.750 

35.625 

36.375 

35.875 

37.188 

37.125 

37.875 

37.188 

38.000 

38.500 

38.813 

38.813 

38.313 

39.313 

40.250 

39.563 

35.063 

35.563 

35.875 

34. 813 

36.875 

37.063 

38.438 

39.625 

36.750 

36.688 

36.875 

35.375 

34.250 

34.625 

34.500 

34.188 

35.875 

36.188 

36.063 

37.125 

39.313 

39.625 

40.625 

40.375 

34. 563 

34.500 

35.438 

36.125 

39.625 

38,313 

39.375 

40.000 

34.750 

35.375 

34.563 

34.313 

38.625 

38.500 

38.938 

38.500 

37.188 

38.125 

37. 188 

37.188 

36.625 

37.500 

36.875 

37.500 

4*  Right  Thigh  Girth  (inches) 


Sub.i  ect 

Test 

Retest 

Final  Control 

Final  Experimental 

01 

21.313 

20.938 

21.875 

21.375 

02 

20.250 

20.188 

19.813 

20.125 

03 

21.188 

21.125 

21.250 

20.43 8 

04 

20.313 

20.250 

19.875 

19.813 

05 

20.125 

20.000 

19.625 

19.500 

06 

20.625 

20.563 

20.625 

20.875 

07 

21.938 

22.063 

22.438 

22.125 

08 

20.188 

20.125 

20.688 

20.188 

09 

21.000 

20.813 

21.500 

21.000 

10 

18.625 

18.625 

19.188 

18.813 

11 

19.313 

19.188 

19.375 

19.188 

12 

20.625 

20.625 

20.938 

21.000 

13 

20.688 

20.375 

21.625 

21.375 

14 

23.000 

23.188 

23. 813 

23.500 

15 

20.625 

20.375 

21.250 

21.000 

16 

17.250 

17.750 

17.938 

17*625 

17 

22.000 

22.063 

22.000 

21.875 

18 

20.875 

20.813 

22.000 

21.813 

19 

20.375 

20.500 

21,875 

21.125 

20 

22.438 

22.563 

22.438 

22.875 

21 

22.625 

22.938 

24.063 

23.750 

22 

20.188 

20.500 

20.375 

20.438 

23 

21. 500 

21.813 

22.438 

23.250 

24 

20.750 

20.250 

20.375 

19.438 

25 

20.438 

20.375 

20.188 

20.375 

26 

22.250 

21.938 

22.563 

21.813 

27 

23.813 

23.500 

24.188 

24.125 

28 

20.125 

20.500 

21.000 

21.375 

29 

22.750 

22.813 

23.313 

22.938 

30 

19.125 

19.188 

18.938 

17.875 

31 

21.313 

22.375 

22.500 

22.250 

32 

22.188 

22.000 

22.125 

21.938 

33 

20.750 

19.938 

20.063 

21.188 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


5.  Right  Forearm  Girth  (inches) 


Test  Retest  Final  Control  Final  Experimental 


8.750 

8.563 

8.750 

8.562 

9.188 

9.125 

9.125 

9.000 

8.875 

8.750 

8.625 

8.313 

8.750 

9.000 

9. 063 

9.063 

8.500 

8.500 

8.875 

8.750 

8.813 

8.750 

8.125 

8.875 

9.750 

9.500 

9.750 

9.688 

8.313 

8.375 

8.438 

8.375 

9.188 

9.125 

9.125 

9.000 

7.750 

8.063 

8.063 

8.000 

8.188 

8.188 

8.250 

8.250 

8.750 

8.875 

8.938 

8.813 

9.063 

9.188 

9.063 

9.125 

10.000 

10.000 

10.000 

9.938 

8.625 

8.750 

8.813 

8.625 

7.625 

7.625 

7.688 

7.688 

9.313 

9.250 

9.438 

9.500 

8.375 

8.500 

8.938 

8.813 

8.625 

8.750 

8.938 

8.750 

9.813 

9.750 

9.813 

10.063 

9.625 

9.750 

10.063 

10.125 

8.625 

8.875 

8.750 

8.813 

9.625 

9.625 

9.875 

10.000 

8.438 

8.500 

8.500 

8.438 

9.000 

9.000 

9.000 

9.000 

9.688 

9.625 

9.688 

9. 813 

9.250 

9.250 

9.375 

9.125 

8.875 

8.750 

8.688 

8 .813 

9.813 

9.750 

10.000 

9.938 

8.125 

8.063 

8.125 

7.875 

9.375 

9.250 

9.313 

9.313 

8.875 

8.875 

8.938 

8.938 

9.063 

9.125 

9.188 

9.250 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


6.  Abdominal  Skinfold  (millimetres) 


Test  Retest  Final  Control  Final  Experimental 


11.2 

12.3 

13.2 

18.1 

8.0 

9.2 

8. 4 

9.2 

12.1 

10. 2 

11.4 

7.4 

15.2 

16.0 

15.1 

16.2 

11.0 

10.0 

10.4 

10.1 

7.4 

7.2 

7.1 

7.1 

7.2 

7.0 

11.2 

7.3 

26.4 

24.1 

27.1 

22.3 

15.3 

14.4 

14.1 

16.3 

6.3 

6.4 

7.0 

7.1 

8.4 

8.4 

10.2 

n.o 

8.1 

9.0 

10.4 

11.2 

10.3 

9.1 

12.2 

12.1 

11.4 

9.3 

12.0 

10.2 

7.4 

7.1 

8.1 

9.4 

9.1 

9.3 

13.1 

8.2 

9.1 

9.4 

10.1 

11.0 

10.0 

12.0 

10.3 

12.0 

6.1 

8.4 

7.1 

10.2 

10.3 

11.5 

10.3 

11.1 

9-4 

9.4 

9.4 

12.1 

7.0 

11.0 

9.1 

12.1 

6.1 

6.3 

7.4 

6.4 

6.4 

7.2 

7.? 

6.3 

8.3 

8.1 

8.1 

8.3 

8.0 

7.1 

7.4 

8.4 

11.0 

10.1 

14.1 

18.1 

6.4 

7.1 

7.3 

7.3 

9.3 

11.2 

10.4 

10.3 

25.0 

25.2 

29.3 

26.3 

19.1 

20.1 

19.4 

23.2 

7.3 

7.2 

7.2 

7.4 

6.2 

8.3 

7.3 

7.4 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


7«  Rear  Thigh  Skinfold  (millimetres) 


Test 

Retest 

Final 

31.3 

30.3 

32.2 

21.4 

27.2 

31.1 

32.4 

35.0 

31.0 

25.3 

27.0 

26.1 

27.0 

28.3 

24.1 

29.2 

24.3 

28.2 

35.3 

32.3 

39.4 

37.1 

35.4 

38.1 

31.4 

28.2 

33.1 

26.1 

22.1 

24.1 

29.2 

26.1 

24.1 

20.2 

25.2 

22.4 

28.3 

28.4 

28.0 

25.2 

30.0 

31.4 

26.1 

24.1 

28.2 

23.2 

25.1 

23.1 

29.2 

27.2 

28.1 

25.2 

25.1 

25.2 

28.4 

23.1 

25.3 

36.3 

33.2 

32.1 

3B.3 

33.2 

33.1 

19.4 

23.4 

22.1 

31.2 

26,0 

25.3 

25.2 

25.2 

25.2 

23.7 

20.1 

29.1 

39.9 

37.4 

35.3 

33.1 

34.2 

34.1 

28.2 

28.0 

28.4 

29.4 

29.1 

33.3 

29.1 

28.1 

32.0 

30.0 

29.2 

25.1 

31.2 

38.1 

32.2 

22.3 

24-3 

24.1 

Control  Final  Experimental 

33.2 

28.4 

31.1 

30.1 

27.1 

31.4 

34.4 

38.1 

31.4 

19.2 

24.1 

30.3 

27.1 

30.2 

23.3 

28.2 

23.4 

26.3 

28.2 

31.1 
34.0 

24.2 

32.1 

25.0 

29.4 
36.1 
32,1 

30.2 

32.4 

29.1 

29.1 

35.3 

23.1 


01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


8.  Forearm  Skinfold  (millimetres) 


Test 

Retest 

Final  Control 

Final  Experimental 

9*2 

9.1 

8.2 

8.1 

7*0 

5.4 

7.0 

6.0 

9*2 

11.0 

9.3 

8.4 

9*0 

9.0 

8.3 

8.2 

4*4 

4.2 

5.3 

4.0 

7.1 

8.2 

7.2 

7.4 

8.1 

8.2 

9.4 

8.0 

9*0 

9.1 

9.2 

9.1 

6.1 

6.1 

8.3 

6.1 

6.0 

6.1 

6.1 

5.3 

6.4 

7.1 

6.4 

7.2 

6.0 

5.4 

6.4 

7.1 

8.1 

8.0 

8.2 

8.2 

11.2 

13.0 

11.4 

11.0 

6.4 

7.1 

7.4 

6. 4 

5.0 

5.4 

7.0 

6.0 

8.4 

10.4 

9.3 

8.3 

10.1 

9.1 

12.1 

11.1 

4*4 

5.0 

5.2 

5.3 

8.3 

8. 4 

9.1 

9.3 

10.3 

10.4 

10.2 

11.1 

4.1 

4.0 

3.4 

4.2 

8.1 

8.3 

9.2 

n.o 

4.3 

5.3 

5.3 

4*4 

7.2 

7.1 

8.3 

6.4 

9.4 

8.0 

9.3 

8.3 

11.4 

11.0 

10.3 

11.1 

6.1 

6.2 

6.2 

6.2 

7.1 

7.0 

6.3 

6.1 

4«4 

5.1 

5.1 

4.3 

7.3 

7.4 

8.4 

7.4 

7.3 

8.1 

7.4 

8.3 

8.2 

8.2 

7.2 

8.0 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


9.  Quadriceps  Strength  (pounds) 


Test 

Retest 

Final  Control 

Fin, 

147 

177 

170 

163 

134 

177 

174 

139 

134 

124 

153 

112 

127 

147 

160 

144 

160 

167 

155 

136 

167 

209 

202 

163 

184 

191 

147 

144 

108 

124 

127 

116 

124 

094 

196 

190 

150 

140 

124 

150 

158 

155 

187 

160 

184 

171 

220 

173 

107 

105 

114 

124 

180 

220 

220 

188 

167 

143 

160 

138 

95 

124 

116 

98 

184 

202 

196 

204 

107 

90 

147 

130 

147 

103 

174 

160 

138 

150 

174 

196 

144 

180 

171 

220 

160 

164 

158 

136 

167 

160 

118 

95 

83 

100 

87 

110 

121 

138 

150 

147 

162 

206 

210 

244 

196 

206 

209 

196 

140 

127 

167 

140 

186 

210 

220 

214 

150 

170 

184 

136 

174 

180 

206 

216 

142 

147 

139 

147 

152 

144 

178 

127 

Experimental 


ULL 

01 

02 

03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


10.  Grip  Strength  (pounds) 


Test 

Retest 

Final  Control 

Fii 

70 

81 

81 

81 

75 

83 

90 

99 

47 

62 

62 

63 

56 

54 

49 

47 

56 

70 

67 

64 

64 

67 

65 

63 

69 

62 

79 

70 

50 

52 

52 

56 

72 

78 

80 

73 

63 

77 

80 

82 

58 

66 

65 

70 

75 

78 

80 

70 

56 

64 

60 

70 

70 

66 

68 

70 

63 

68 

65 

70 

59 

68 

70 

70 

70 

72 

70 

67 

57 

57 

62 

64 

59 

60 

64 

65 

63 

63 

59 

66 

67 

82 

78 

92 

70 

64 

54 

64 

80 

82 

82 

87 

47 

58 

54 

63 

54 

67 

66 

66 

66 

73 

77 

82 

66 

75 

77 

77 

67 

64 

73 

75 

70 

77 

79 

79 

46 

58 

54 

62 

61 

73 

73 

73 

58 

79 

72 

77 

60 

64 

73 

65 

Final  Experimental 


03 

04 

05 

06 

07 

08 

09 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 


11.  Number  of  Sit-Ups 


Tegt  Reteigt 


41 

46 

20 

10 

34 

38 

20 

14 

26 

30 

22 

31 

30 

30 

35 

19 

41 

30 

28 

29 

20 

10 

40 

33 

18 

19 

19 

28 

33 

37 

24 

23 

24 

26 

26 

39 

21 

25 

20 

25 

28 

32 

26 

20 

28 

31 

37 

39 

22 

29 

39 

38 

7 

7 

51 

32 

22 

33 

19 

19 

14 

23 

20 

12 

29 

26 

Final  Control 

32 

13 

32 
15 
28 
22 
30 
28 
26 
26 
15 

33 
20 

19 
36 
12 
26 

34 
23 

20 
30 
20 
30 
40 
18 
40 

9 

49 

29 
21 
20 
19 

30 


Final  Experimental 

35 
22 

34 

17 

36 

27 
22 
30 
22 

30 
15 

31 
22 
30 
33 

28 

18 

35 

25 

26 
33 
30 
30 
53 
29 
40 

7 

61 

32 
22 
24 
22 

33 


